This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

v « ILLEGIBLE TEXT 

i 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY, 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



U 013838-2 

'Wi:m®:m*l&rAm^ fit:KY0WA FATBMT, ?KY r : 3 S 6 




1 



RECORDING METHOD FOR PRINTING USING TWO UlQUlDS ON 
KKCOKDING MEDIUM 

B&CRGRQHMD tbr invention 

5 Field of the Tnvpn»^nTi 

The preRAnt invention relates to a recording method 
wherein d reaction solution and an ink composition are 
deposited onto a recording medium to perform printing 
and the recording medium is then washed with a polar 
10 solvent. 

flackyround art 

Water-based ink compositions generally comprise 
watpr as a main ingredient and, added to walei, a 
colorant component and a wetting agent such as glycerin. 
!Z 15 Recording media usftd with water-based ink compositions 

g are generally those which, to some extent, absorb ink 

U1 compositions and are permeable to the colorant, fur 

3 J example, paper. In recent years, ink jet recording has 

y attracted attention as a recording method for performinq 

^ 20 printing usinq water-based ink compositions. ink jet 

recording is a method wherein drop]«ts of an ink 
composition are ejected and deposited onto a recording 
fu medium to perform printing. 

On the other hand, when printing or coating is 
25 performed on recording media f which do not basically 
absorb water-based ink compositions, such as plastics 
and metals, solvcnt-baeed ink compositions or coating 
compositions using an organic solvent (particularly a 
lipophilic organic solvent) are generally used. The 
solvent-based ink compositions or nnating compositions, 
When printed on uou-absorptive recording media, can 
yield prints possessing excellent. fixation, 
rubbing/scratch resistance, fastness properties or other 
properties. Some organic solvents, howftvor, are toxic 
.V5 against animals and plants. Therefore, care should be 
taken, for example, in uee or disposal of these organic 
solvents, and, thus, these organic solvents are in many 
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cases Inconvenient for handling* 

Even in the case of printing or coating on non- 
absorptive recording media, a rec rding method using 
watcr-baeed ink compositions is prererred, for example , 
5 from the viewpoints of safety , environment, and 
convenience of use. In the printing on non-absorptive 
recording media, however, the colorant component of the 
waU*r -based ink composition should be strongly fixed 
onto the surface of the recording medium. K qeneral 
10 proposal lor improving the fixation of the colorant onto 
the recording medium Is to add a resin as a bindex to 
the water-based ink composition. This resin functions as 
the binder to fix the colorant onto the recording medium, 
m printing on recording media , such as plastics 
p 15 and metals, in many cases , durability, lightf astness, 

C and weathering resistance are generally required of 

% prints. The addition of an ultraviolet absorber or a 

Sj photostabil izer to ink compositions is considered as 

W means for improving the lightf astness of the ink 

20 composition. Since, however, most of ultxaviolet 
q absorbers and photostabilizers are oil soluble, it is 

M= - difficult to allow these ultraviolet absorbers and 

photostabilizers to exist in a satisfactory amount in 
water-soluble ink compositions. Further, the addition of 
25 low-molecular weight lightf astness-imparting agents or 
some polymer binders to ink nnmpositions is considered 
as means for improving the weathering resistance of the 
ink composition. However, under severe conditions, tor 
example, such that prints are exposed to rain and dew in 
30 the open air, or come into contact with saltwater on the 
sea, in some cases, it is difficult to maintain the 
initial image quality of prints • 

Further, in ink jet recording, the dispersion 
stabiliLy <ind ejection stability of the ink composition 
35 should be improved from the viewpoint of realizing the 
formation of good iiueiyes. 

Further, in the case of printing letters, in 
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general, real image printing is carried out. According 
to the applications of prints and the environment in 
which prints are iised r bowev r f mirror Images are 
sometimes printed on recording media. For example , in 
5 the case ul wall materials/ packing materials, and 
transfer paper f mirror image printing of a desiqu is 
sometimes performed on transparent or semi- transparent 
recording media* Further, seals are produced based on a 
block copy as a mirror image print. Further , in 
10 specialty sheetB for backlight , a mirror image is 
printed on the backside of sheets. in use, light is 
applied to the backside of the sheet on which a mirror 
image has been printed. Therefore, also in the case of 
mirror image printing, a printing method is required 
15 which can yield images possessing excellent fixation, 
rubbing /scratch resistance , and light f astacee and good 
image quality. 
Hi 

Lj SUMMARY Off THR TNVKWTTON 

t 8 ^ 20 Tfte present inventors have now found that the 

formation of an image using two liquids, an ink 
composition comprising a uolurant and resin emulsion 
particles and a reaction solution f on a recording medium 
followed by washing of the recording medium with a polar 
25 solvent permits the printed portion (image portion) to 
be surely brought to a tilm state and, as a result, 
permits the resin emulsion particles to surround the 
colorant and, in this state, to be fully brought to a 
film state, leading to the realization of an improvement 
30 in fixation of the colorant onto the recording medium, 
rubbing/ scratch resistance, lightf astness T weathering 
resistance, ejection stability, and dispersion stability 
that can realize prints having image quality which has 
been improved to a level more than expected. The present 
35 invention has been made based on sucn finding. 

Accordingly, it is an object of the present 
invention to provide a recording method which can 
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provide excellent fixation/ rubbing/ soratoh resistance, 
lightfastnoes, weathering resistanrsft, ejection stability, 
and disp rsion stability ul a colorant, and can realize 
good images - 

5 According to one aspect ul the present invention , 

there ia provided a recording method wherein an ink 
composition comprising at least a colorant, resin 
emulsion particles, and a water-soluble organic solvent 
and a reaction solution comprising a reactant, which 
10 causes coagulate upon contact with the ink compoeition r 
arc deposited onto a recording medium to perrorm 
print ing, said recording method comprising the steps of t 
depositing the reaction solution onto the recording 
1^ medium; 

O X5 depositing the ink composition onto the recording 

O medium to record an image; and 

jjf washing the recording medium, on which the reaction 

m solution and the ink composition have been deposited to 

W perform printing, with a polar solvent. 

*"* 20 According to another aspect: of the pceseaL 

Q invention, there is provided a recording apparatus- The 

M recording apparatus according to the present invention 

is a recording apparatus for depositing an ink 
composition comprising at least a colorant, resin 
25 emulsion particles, a water-soluble organic solvent f and 
water and a reaction solution containing a reactant 
capable of forming coagulate upon couLact with the ink 
composition, onto a recording medium to perform printing r 
anrl comprises: 

3 0 means for depositing the reaction solution onto the 

recording medium; 

means lor depositing the ink composition onto the 
recording medium to record an image; 

means for controlling the means for depositing the 
35 reaction eolation onto the recording jn«dium and the 
means for depositing the ink composition onto the 
recording medium to record an image; and 
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means for washing the recording medium, on which 
the r action solution and the Ink composition have been 
deposited to perform printing, with a polar solvent. 

Pig. 1 is a schematic view of the recording 
apparatus according to the present invention; and 

Pig. 2 is a diagram showing one embodiment of the 
recording apparatus according to the present invention 
10 for use in printing on a PET film. 

in Figs, 1 and 2, the following reference 
characters are used. Specifically, numeral 1 designar.es 
a supply source and a recording head, uumeral 2 an ink 
jet recording mechanism, numeral 3 a print layer, 
5 15 numeral 4 a washing mechanism, numeral 5 a drying 

5 mechanism, numeral 6 a product receiver, numeral 11 PET 

film roll, numeral 12 a support table, and numeral 13 a 
product roll. 
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2Q UfeTAfliED nKsr.RT^TTON OF THE TWYEWTIQfl 

RrT^rrii^g ffiethod 

The recording method according to the present 
invention comprises the steps of r 

depositing a reaction solution described below onto 
25 the recording medium; 

depositing an inK composition described below onto 
the recording medium to record an image; and 

washing the recording medium, on which the reaction 
solution and the ink composition have been deposited to 
30 perform printing, with a polar solvent. According to the 
present invention, "printing" may be either real image 
printing or mirror image printing, or may be real image 
printing performed alternately ox simultaneously with 
mirror image printing. 
35 According to the recording method of the present 

indention, the deposition of a reaction solution and an 
ink composition containing a certain type ul a colorant 
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onto the aurfaoo of a non-absorptive recording medium 
followed by washing of the printed portion with a polar 
solvent permits the col rant to be strongly fixed onto 
the recording medium to impart rubbing /scratch 
b resistance and, at the same time, lightfastncee to be 
imparted to the printed portion, whereby good images can 
be realized. 

Although the reason why this effect can be attained 
has not been fully elucidated, the reason is believed as 
10 follows. It is considered that, at the outset, upon the 
contact of the reaction solution with the ink 
composition on the surface of a non-absorptive recording 
medium, such ac plastic, rubber, metal, or ceramic, the 
reactant contained in the reaction solution breaks the 
L* 15 state of dispersion of the colorant and the resin 

emulsion particles in the ink composition to form 
coagulate- in an early stage of the contact, coagulate, 
comprised o£ the uolurant and the resin emulsion 
particles, and water or the water-soluble organic 
20 solvent separated from the coagulate are present 
together in the printed portion formed on the recording 
medium as a result of the contact of the ieaction 
FU solution with the ink composition. In the formation of 

I the coagulates , water and the water-soluble organic 

25 solvent a*e removed from between the coagulate and the 
surface of the recording medium, and, as a result, this 
coagulate is adsorbed on the surface of the recording 
medium. This recording medium is then washed with a 
polar solvent to wash away watts* or the water-soluble 
30 organic solvent, thereby removing water or the vat.fir- 
soluble organic solvent present between the resin 
emulsion particles. As a result, film formation is 
accelerated, and a resin tilm containing the colorant is 
formed. It is considered that the presence of carboxyl 
35 groups enhances the adhesion o± the resin film to the 
surface of the recording medium, and, thus, the colorant 
is strongly fixed onto the surface ot the recording 



1 '02?0:J!2EB(il 16$06# ftsLACAS,,^ Xf|:EYOWA FATBNT, ?KY ^ R:396 P. 12 

- 7 




medium. The effect of the abovo mechanism is coneidereH 
significant particularly when th* recording medium is a 
non-absorptive recording medium- in this connection, it 
should be noted that the above mechanism is hypothetical 
S and should not be construed as limiting the scope of the 
present invention. 

The reaction solution and the ink composition may 
he deposited onto the recording medium in any order- 
Specifically, suitable methods for the deposition of the 
10 reaction solution and the ink composition include a 
method wherein the ink composition is deposited onto the 
recording medium after the deposition of tho reaction 
solution onto the recording medium, a method wherein the 
ink composition is first printed onto the recording 
15 medium followed by the deposition of the reaction 
solution onto the recording medium, and a method wherein 
the reaction solution and the ink composition are mixed 
together jiifit betore or just after the deposition, 
ijj The deposition of the reaction solution onto the 

H 20 recording medium may be carried out by any of a method 

wherein the reaction solution Lo selectively deposited 
onto only an area where the ink composition is deposited, 
and a method wherein the reaction solution ie deposited 
jfj on the whole area of the recording medium • Which method 

2 b is adopted may be determined by taking into 
consideration a combination of the ink composition with 
the reaction solution. 

Recording methods commonly used in the printing 
industry and the painting Industry may be used as means 
30 for depositing the reaction solution onto the recording 
medium and as mean* for depositing the ink composition 
onto the recording medium. For example, direct jetting, 
opraying, coating, and transfer may be used. preferred 
is an ink jet recording method wherein droplets are 
35 ejected and deposited onto the recording medium to 

perform printing. 

In the present invention, spersi f i c examples of 
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methods ror washinq the as -printed r cording medium with 
a polar solvent include rinsing of the recording medium 
or the surface thereof with a polar solvent/ flushing of 
the recording medium or the surface thereof with a poXar 
5 solvent, dipping of the recording medium or the surface 
thereof in a polar solvent , and a combination of two or 
more of these methods- Tne washing may be carried out 
continuously intermittently during printing- The 

polar solvent ueed is preferably such that the colorant 
10 and the resin emulsiun particles adsorbed onto the 
recording medium are not r«=?moved. Further * the polar 
solvent is suitably soluble in water and is safe. 
Specific examples of such polar solvents include water; 
alcohols having 5 or less caxbuu atoms/ preferably lower 
£ 15 alcohols , such as methyl alcohol, ethyl alcohol, and 

O propyl alcohol j sulfoxides represented by formula 

HI R(R')S=0 wherein K and R ' each independently represent a 

|[ straight-chain or branched allcyl group having 5 or less 

jjJt carbon atoms, preferably sulfoxides , such as dimethyl 

IM* 20 euloxide and diethyl sulfoxide; and lower amines , for 

^ example r amines having 5 or less carbon atoms , lower 

Q aliphatic primary amines , proterably methylamine , 

fy ethylamine, propylamine/ isopropylamine, butylamine r 

111 araylamine # hexylamine and the like, lower aliphatic 

Jy 25 secondary amines, preferably dimethylamine, diethylamine, 

dipropylamine, di is opropyl amine and the like, and lower 
aliphatic tertiary amines, preferably trimethylamine, 
triethylamine and the like. A mixture of two or more of 
them may also be suitable. Among them, water is a 
30 particularly preferred polar solvent. 

According to an embodiment at the present 
invention, a method may be used wherein, after the 
recording medium is washed with a polar solvent, the 
recording medium is heated and dried - 
35 The recording medium used in the present invention 

Is preterabiy substantially non-absunptive to the ink 
composition* The expression "substantially non- 
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absorptive to the ink composition 1 ' means that, upon the 
deposition of the ink composition onto the recording 
medium, the ink composition do s not pexmeate the 
recordinq medium aL all within several occonds after the 
5 deposition of the ink composition. Specific examples of 
recordinq media, to which the ink jet recording method 
according to the present invention is applicable, 
include recording media , formed of, for example, 
plastics or rubbers, using as a substrate, polyethylene 
10 terephthalate, polycarbonate, polysuirone, AB3 resin, 
polyvinyl chloride, polyetyrene, poly (meth) aery 1 ate, 
polyvinyl acetate, AS resin, ACS resin, polyamide, 
polyuxeLhane, natural rubber, butadiene-etyren* 
copolymer, nitrile rubber, rMoroprene, polyisopieue, or 
15 butyl rubber; recording media having a metallic surface 
of brass, iron, ainminum, SUS, copper or the like; 
metal-coated recordinq media formed, for example, by 
depositing a metal onto a nonmetallic substrate by vapor 
deposition? recording media formed, for example, by 
coating a resin onto a paper substrate; recording media 
tormed, for example, by subjecting the surface of a 
fiber, such as cloth, to water repel J «ncy- imparting 
fU treatment; and recording media formed of the so-called 

^ "ceramic material formed by baking an inorganic 

O 

fli 25 material at a high temperature* 

Tnk comnuaitlon 

The ink composition used in the metnod according 
to the present invention comprises at least a colorant, 
resin emulsion particles, » water-soluble organic 

30 solvent, and water. In the present invention, the term 
"ink composition" refers to black i*k compositions in 
the case nf monochromic printing and color ink 
compositions in the case of color printing, specifically 
yellow, magenta, and cyan ink compositions, and, 

35 opLlunally black ink compositiona. 

The colorant contained in the ink composition for 
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use in the method according to the present invention may 
be either a dye or a pigment. The colorant is preferably 
a pigment: from tne viewpoints of light f astnese and 
watex las tness. Further, the combined use of a pigment 
5 and a dye is also possible. 

Various dyes commonly used in ink jet renording, 
such as direct dyftfi, acid dyes, foodstuff dyes, basic 
dyes, reactive dyes, disperse dyce, vat dyes, soluble 
vat dyes, and reactive disperse dyes, may be used as the 
10 dye. 

The pigment is not particularly limited, and any 
of inorganic and organic piqments may be used as the 
pigment. inorganic pigments include, in addition to 
titanium oxide and iron oxide, carbon blacks produced by 
j-J IS known processes , such as contact, furnace, and thermal 

p process**. Organic pigments usable herein include azo 

m pigments (including aso lake, insoluble azo pigment, 

condensed azo pigment, and chelate azo pigment), 
polycyclic piqments (for example, phthalocyanine, 
20 pcrylene, perinone, anthraquinone, quinacridone, 
*L dioxazlne, thiuiudigo, isoindolinone, and quinophthalone 

pigmcnto), dye-type chelate pigment (for example, 
basic dye-type chelate pigments and acid dye- 
type chelate pigments), nitro pigments. nitroso 
2b pigments, and aniline black. 

Carbon blacks usable for black inks include: 
carbon blacks manufactured by Mitsubishi Chemical 
Cuxporation, for example, No. 2300, No. 900, MCP 88, 
No. 33, No- 40, No. 4b, NO. 52, MA 7, MA 8, MA 100, 
30 and No. 2200 Bj carbon blacks manufactured by Columbian 
carbon Co., Ltd., for p.xample, Raven b750, Kaven 5250, 
Raven 5000, Raven 3500, Raven 1255, and Raven 700; 
carbon blacks manufactured by Cabot Corporation, for 
example, Regal 400 R, Reyal 330 r, Regal 660 r, Mogul l, 
35 Monarch 700, Monarch BOO, Monarch 880, Monarch 900, 
Monarch 1000, Monarch 1100, Monarch 1300, and Monarch 
1400? and carbon blacks manufactured by Deguflfia, for 
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example, Color Black FW 1, color Black FW 2, Color Black 
FW 2 V/ Color Black FW 10, Color Black FW 200 f Color 
Black S 150 , Color Black S 16U, Color Black s 170 r 
Printex 35, Printex U, Printex V f Printex 140 U, Special 
S Black 6, Special Black 5, Special Black 4A, and Special 
Black 4. 

Pigments for yellow inks include C.I. Pigment 
Yellow 1, C-X- Pigment Yellow 2, C.I- Pigment Yellow 3, 
C.I. Figment Yellow 12 r CI. Pigment Yellow 13 , C.I. 
10 Pigment Yellow 14C, C.I- Pigment Yellow 16, C.I. Pigment 
Yellow 17, C.I. Pigment Yellow 73, C.I. Pigment Yellow 
74, C.I. Pigment Yellow 75, C.I- Pigment Yellow 83/ C.I. 
Pigment Yellow 93, C.I. PiqiuenL Yellow 95, C.I. Pigment 
Yellow 97, C.I. Pigment Yellow 98, C.I. Pigment Yellow 
IS 119, C.I. Pigment: Yellow 110, C.X. Pigment Yellow 114, 
C.I. Pigment Yellow 128, C.I. Pigment Yellow 129, C.I. 
m Pigment Yellow 138, C.I. Pigment Yellow 150, C.X. 

01 Pigment Yellow 151, C.I. Pigment Yellow 154 r C-T_ 

f[J Pigment YrILow lb5, C.i. Pigment Yellow 180, anU C.I, 

jp[ 20 PiqwenL Yellow 185. 

* Pigments for magenta inks include C.I. Figment Red 

JJ 5, C.X. Piyment Red 7, C.I. Pigment Red 12, C.I. Pigment 

^ Red 48 (Ca), C.I. Pigment Red 48 (Mn), C.I. Pigment Ked 

111 57 (Ca), C.I- Pigment Red 57 : 1, C.I- Pigment Red 112 r 

Q 25 C.I. Pigment Red 122 , C.I- Pigment Red 123, C.T. Pigment 

IU Ked 168, C.I. Pigment Red 164, and C.I. Pigment Red 202. 

Pigments for cyan inks include C.I- Pigment Blue 1, 
f!.T. Pigment Blue 2, C.I. Pigment Blue 3, C.I. Pigment 
Blue 15 : 3, C.I. Pigment Blue 15 * 4, C.I- Pigment Blue 
30 15 r 34, C.I. Pigment Blue 16, C.I. Pigment blue 22, C.I. 
Pigment Blue 60, C.I. Vat Blue 4, and C.I • Vat Blue 60. 

For these pigmp.nts, the particle diameter is about 
500 mu ul less, preferably about 200 ran or Ices, more 
preferably about 100 nm or less. 
35 The content of the color ant in the ink composition 

according to the present invention is preferably about 1 
to 20% by weight, more preferably 1 Lo 10% by weight. 
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has d on the ink couipusition. When th oolorant content: 
falls within the above range, good ejection stability 
can be realized in ink J«l recording- 
hi nigporgant 

5 According to a preferred embodiment of the present 

invention/ the pigment is added, to the ink composition, 
as a pigment dispersion prepared by dispersing the 
pigment in an aqueous medium with the aid of a 
diepersant. Dispersants usable for the preparation of 
10 the pigment dispersion include dispcroante commonly used 
in the preparation of pigment dispersions , for ex<*mple, 
polymeric dispersanLs and surfactants. It would be 
apparent to a person having ordinary skill in the art 
that the surfaotant contained in the piqment dispersion 
« 15 would function also as a surfactant for t.ha ink 

f§ composition. Rxampies of preferred polymeric dispersants 

Ut include naturally occurring polymeric compounds, and 

Jj] specific examples thereof include: ptuteins, such a.s 

qlue, gelatin, casein, and albumin; naturally occurring 
£i 20 rubbers, such as gum arabic and tragacaiiLh; glucosides, 

such as saponin; alginic acid and alginic acid 
derivatives, such as propylene glycol alginate, 
triethanolamine alqinate, and ammonium alginate; and 
cellulose derivatives, such as metnylcellulose, 
25 carboxymethylcellulose, hydroxyethylceliulose, and 
ethylhydroxyeellulose- Examples of additional preferred 
polymeric dispersants include synthetic polymcrc, and 
examples thereof include i polyvinyl alcohols; polyvinyl 
pyrrolidones ; anrylic resins, such as polyacrylic acid, 
30 acrylic dcid/acrylonxtrile copolymer, potassium 
acrylate/aerylonitrile copolymer, vinyl acetate /acrylic 
ester copolymer, and acrylic acid/acrylic ester 
copolymer; styrene/acryl resins, such as styrene/acryllc 
acid copolymer, etyrene/methacrylio acid copolymer, 
35 styrcne/methacrylic acid/acryl ie ester copolymer, 
styrene/a-methylstyrene/acryllc acid copolymer, and 
s Ly rene/a-methylstyrene/acrylic acid/acrylic est*r 
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copolymer; styr nc/maleio acid copolymer; styrene/mal e1c 
anhydrid copolymer; vinyinaphthalene/acrylic acid 
copolymer; vinylnaphthalene/maloio acid copolymer; vinyl 
acetate copolymers, ««rtn as vinyl acetate/eLUylene 
5 copolymer^ vinyl acetate/fatty acid vinylethylene 
copolymer, vinyl arifttate/maleic ester copolyraer# vinyl 
acetate/crotonlc acid copolymer , and vinyl 
acetate/acrylic acid copolymer; and salts of the above 
polymers. Among them, a copolymer of a monomer having a 
10 hydrophobic group in its molecular structure with a 
monomer having a hydrophilic group in its molecular 
structure and a polymer of a monomer having both a 
hydrophobic? group and a hydrophilic qroup in its 
molecular structure are particularly preferred. 
15 The content of the dispersant in rhe ink 

composition is about 0.1 to 20% by weight, preferably 
about 0.1 to 10% by weight. 

a,., coloraos possessing uiu^vioiet — flbfiprbing — ac tivity 
and/or phgtoBtafrili fling activity 
20 According to a preferred embodiment of the present 

invention, the colorant comprises a Hy« or a pigment 
included in a specific polymwx. and is in a fine particle 
fy form. Further , according to the present invention, this; 

t/T polymer has in its molecular chain site© possessing 

Sri 25 ulLraviolet absorbing activity and/or photostabilizing 

ii Li 

activity. Ink compositions using this colorant are 
considered to impart lightf actneee to images printed on 
recording media. The dye or the pigment as the colorant 
may be the same as described above. 
30 According to a preferred embodiment of the present 

invention, this polymer refers to a homo- or co-polymer 
of a monomer having a site possessing ultraviolet 
absorbing activity and/or photostabilizlng activity, ul 
a polymer onto which a eite possessing ultraviolet 
35 absorbing activity and/or photos tabilizing activity has 
been graft polymerized. 

According to a preferred embodiment of the present 
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Invention/ the site possessing ultraviolet absorbing 
activity and/or photos tabilizing anfclvity refers t a 
site which is selected Irojm the group consisting of 
aromatic monocyclic hydrocarbon groups, tusp-d palycycllc 
5 aromatic hydrocarbon groups, heteiomonocyclic groups , 
and fused heterocyclic groups and has absorption in the 
wavelength rang* of 200 to 400 nm. specific examples of 
sites possessing ultraviolet absorbing activity and/or 
photostabilizing activity innl ude benzotriazole, 
ID benzophenone, salicylate, cyanoacxylate, hindered phenol, 
and hindered amine skeletons. 

Specific structures of these skeletons are as 
follows . 

Benzoph«=mnne skeleton: 
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Benzotriazole skeleton! 
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Hindered phenol skeletons 
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Salicylate skeletons 




15 in the present invention, th« polymer having in 

its molecular chain siLes possessing ultraviolet 
absorbing activity and/or photostabilizing activity may 
be produced as a homopolymer by polymerizing a monomer 
having a site possceeing ultraviolet absorhing activity 

20 and/or photostahil i sing activity, or as a copolymer by 
copolyiutili^ing the monomer with other comonomer. 
Alternatively, the polymer having in its molecular chain 
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site* possessing ultravi let absorbing activity and/or 
photostabilizing activity may be produced by qxaft 
polymerizing d site posaeasing ultravi let absorbing 
activity and/or photostabilizing activity onto a polymer. 
5 Preferred monomers having a site possessing ultraviolet 
absorbing activity and/or photostabilizing activity, for 
use in such production processes include monomers 
containing a site possessing ultraviolet absorbing 
activity and/or photostahi li zing activity, and havinq an 
10 ethylenically unsaturated bond. Specific examples of 
such monomers include ben20triazole ultraviolet 
absorbers having an ethylenically unsaturated bond, 
benzophenono ultraviolet absorbers having an 
ethylenically unsaturated bond, salicylate ultraviolet 
15 absorbers having an ethylenically unsaturated bond, 
cyannacrylate ultraviolet absoxbers having an 
ethylenically unsaturated bond f hindered phenol 
ultraviolet absorbers having an ethylenically 
unsaturated bond, and hindered amine photos tabilizers 
20 having an ethylenically unsaturated bond* Further , in 
these monomexs, the ethylenically unsaturated bond may 
be provided as a methacryloyl, acrylnyl, vinyl, or allyl 
group. 

UT Specific examples of sunh monomers are as follows. 

2b At the outset, the following monomers may be mentioned 
as specific examples of monomers having an ultraviolet 
absorbing site virh a benzophenone skeleton; 



CI 
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(CH2I7CH g 
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CH2=C{CH3)COOCH2CHCH 2 0 
OH 




OH O 



CH 2 =C(CHa)CO 



ChbCHzCHChfeO 
O 



m 
m 



OH O OH 
Chfe-CHOCO^^^ ^i^OOCCH«CH2 



5 

Specific examples of monomers having an 
ultraviolet absorbing Site with a beazutriazole skeleton 
are as follows s 
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Specific example© of monomers having an 
S ultraviolet, absorbing site with a hindered phenol 
skeleton are as follows; 
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t-butyl 

CH 2 =CHCONH — \0/ OH 

t-butyl 



i-butyl 

CH— C(CI-^) C^OCI^CHjMHCXX^^I^OCXDGHECI-tS (Cj)~ Q ^ 

t-butyl 



51 =::? 



§ y 
if! 
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CK^CtCHaJCOOCHaPHiNHCONHCHtCHaOCOCHaC 



t-butyl 

CH2=C (CH 3 )COOCH 2 CH2CH2 (Cj)~ OH 



t-butyl 
(-butyl 



OH 



t-butyl 



OCOC(CH3)=CH2 



10 



t-amyl 



t-amyl 



Specific examples of monomers having a 
photostabilizing sire with a hindered cunine skeleton are 
15 as follows i 
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CH2=C(R)COO-^J;NH 



R - H , CHS 



CH 3> pHa 

CHa=n(R)ccDO-< \i-ch, 
H- X-S FUH.CH3 



n 

*eass 

in 



H 5 



CH 3vv ^01 bi 



CMa=C(FI)CONH-^ ^NH 



CH2-C(CH»)COOCH2CH2l/\-.OCOC(CI bKCH* 
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CH3 CHl 

HN V- OCOCH 
CH/ CH 3 I 




Monomers having sites possessing ultraviolet 
absorbing activity and/or photos tabllizing activity may 
also be conmLercially available ones. Examples thereof 
5 include: RUVA-93 (a-tZ'-hydroxy-S- 

methylauxylOAyethylphenyl)-2H-benzotriazolc) , available 
from otsuka Ch^Tnicral Co., Ltd., as the monomer navinq an 
Ultraviolet absorbing site with a benzotriaaole 
skeleton; and adk STAB la-82 (1 , 2,2,&,6-pentamethyl-4- 
10 piperidyl weLliacrylate) and ADK GTAB LA-87 (2,2,6,6- 
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tetramelhyl-4-piperidyl methacrylate) , available from 
Asahi Dcnka Kogyo Ltd., as the monomer having a 
photos tabilizing sire with a hindered amine skeleton. 

Examples of monomore copolymerizable with the 
5 above monomers include: vinyl esters, tor example r 
acrylic esters or methacrylic esters, such as methyl 
(met h ) aery late , ethyl ( meth ) aery late , is upropy 1 

( meth ) ncr /late , n-buty 1 (mcth ) acrylate , isobutyl 
(moth) acrylate, n-amyl (meth ) aery late, isoamyl 

10 (meth) acrylate, n-hexyl (meth) acrylate, 2-cthylhexyl 
(meth ) acrylato r ootyl ( meth ) acrylate, decyl 

(meth)ac:rylate r dodecyl (meth) acrylate, octadecyl 

(meth) acrylate, cyclohexyl (meth) acrylate, phenyl 
(meth) acrylate, benzyl (meth ) acrylate, 2-hydroxylethyl 
15 (meth) acrylate, hydroxypropyl (meth) acrylate, glyniriyl 
methacrylate, and glycidyl acrylate, and vinyl acetate; 
acrylonitxile, methacrylonitrile and the likej aromatic 
vinyl compounds, such as styrene, 2-methylstyiene, 
vinyltoluene , t-butyl styrene , chlorostyrene , 

20 vinylanisole, vinylnaphthalene, and divinylbenzene; 
halogenated vinylidenes, such as vinylidcnc chloride and 
vinylidcne fluoride; ethylene, propylene, isopropylene, 
butadiene, vinylpyrrolidone, vinyl chloride, vinyl ether, 
vinyl ketone, chloroprene and the Like, and carboxyl- 
25 containing compounds, for example, ethylenically 
unsaturated carboxylic acids, such as acrylic aciri, 
methacrylic acid, maleic acid, or monoalkyl esters 
thereof, itaconic acid or monoalkyl esters thereof, 
fumarie acid or monoalkyl esters thereof? aniido- 
30 containinq compounds, such as acrylamidc and N,N- 
dimethylacrylamide, and alkyi amino esters or acrylic 
acid or methacrylic acid, for example, amino-containing 
compounds, ouch as N-methylaminoethyl metharvryl ate, N- 
metnyiaminoethyl acrylate, dimethyl amino ethyl 

35 methacrylate , dimcthylamino ethyl acrylate, 

diethyl ami noethyl methacrylate , and dieLhylaminoethyl 
methacrylate? unsaturated amides containing an 
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alkylamino group, such as ( 2- 

dimethyiamin ethyl) act ylamide, N-(2- 
dimethylaminoethyl ) jnethaerylami de , and N r N- 

rilmethylamlnopropylcicrylamide, monovinylpyridinee r euch 
5 as vinylpyrldinc , and vinyl ethers conta i n tng an 
ancylamino group, such as dime thy laminoethyl vinyl 
ether? and vinyl imidazole and the like and compounds 
containing a sultonic group, such as vinylsullonic acid, 
styrenesulfonic acid and salts thereof and 2- 
10 acryloylamino-2-methylpropanesulfoniC acid and salts 
thereof. These roonomer6 may be used alone or as a 
mixture of two or more- Copolymers produced troio these 
monomers include ethylene/ vinyl acetate copolymer, 
ethylene /ethyl acrylate copolymer, polyethylene, 
M= 15 polypropylene, polystyrene, poly (uieLh) acrylic ester, 

styreneZ(meth) acrylic ester copolymer r styr*ne/maieic 
arhti copolymer, styrene/itaconic ester copolymer, 
polyvinyl acetate, polyester, polyurethane, and 
poly amide - 

20 According to a preferred embodiment of the present 

» invention, the prOymer having in its molecular chain 

O. sites possessing ultraviolet absorbing activity and/or 

£ s ; photostabilizing activity is thermoplastic. 

i y 

In Polymers produced by graft polymerising monomers 

O 25 having a site possessing ultraviolet absorbing activity 

§y and/or photostabilizinq activity include homo- or co- 

polymers of the above monomers. 

Affording to the present invention, a colorant is 
provided wherein a dye or a pigment is included in t.h« 
30 above polymer, the colorant being in a fine particle 
£urm- According to a preferred embodiment of the present 
invention, the colorant in a fine particle form may be 
produced, for example, by a mixing method wherein a dye 
or a pigment is raixp.d with the polymer, a 
35 microencapsulation method wherein a dye or a pigment is 
encapsulated with the polymer, an emulsion 
polymerization method wherein a dye or a pigment is 
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dissolved in a monomer followed by emulsion 
polymerization, or a micro-emulsification method. 

The micr ncapsulation method , wherein a dye or a 
pigment is encapsulate with the polymer, may be carried 
5 out by inter facial polymerization r in-situ 
polymerization, coacervatlon, submerqed drying, melt- 
dispetsion cooling, spray-drying, or submerged curing- 
coating. More specifically, methods for producing 
colored resin emulsion particloo comprising a dye or a 
10 pigment included in a polymer may be used which are 
disclosed/ for example, in Japanese Patent Laid-Open Nos- 
279073/1997, 176130/1998, or 239392/1999. 

The colorant having ultraviolet absorbing activity 
and/or photoatabilising activity is preferably produced 
* 15 by emulsion polymerization. Specifically, the emulsion 

3 polymerization may be carried out by dispersing a dye or 

a pigment in a monomer component fur constituting a 
polymer, subjecting this monomer and a monomer having a 
W site possessing ultraviolet absorbing activity or 

20 photostabilizinq activity to emulsion polymerisation in 
I water in the presence of a polymerization catalysr and 

Q an emulsifier. 

jjf; According to a preferred embodiment of the present 

invention, the uolorant having ultraviolet absorbing 
25 activity and/or photostabilizing activity has any one of 
a functional group selected from a carboxyl group or a 
sulfonic acid group, and preferably further has an amide, 
hydroxyl, or amino group. These groups may be allowed to 
exis t in the structure of the monomer by the above 
30 production method, or alternatively may be added to the 
surface of fine particles, for example, by graft 
polymerization after the production Of the fine 
particles. 

According to a preferred embodiment 01 the present 
.15 invention, the colorant possessinq ultraviolet absorbing 
activity and/or photostabilizing activity is in the form 
nf fine particles having a diameter ul about 3 to 500 nra, 
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more preferably about 5 to 200 lim- 

The content at th aye or the pigjuent in the 
colorant having ultraviolet absorbing activity and/or 
photostabilizing activity may be properly determined so 
5 far as the color development is not sacrificed. 
Therefore, the dye or pigment' onntent is preferably 
about n.l to 99% by weight, more preferably 5 to 90% by 
weight/ based on the colorant to which the properties of 
the polymer have been imparted. 
10 The ink composition according to the present 

invention may further comprise other dye and/or pigment 
in addition to the above colorant. In particular, the 
combined use of the noLorant and resin emulsion 
particles having a film-forming property described below 
15 can advantageously realize images possessing better 
S color development, waterf astness, rubbing/ scratch 

|jj resistance, and light f as tness. 

m Further , accordinq to a preferred embodiment of 

fU the prcoont invention, the polymer including the dye or 

jjj 20 the pigment has a film-forming proper ty. According to a 

s preferred embodiment of the present invention, when the 

P polymer is in a nolorant form, the pulymer preferably 

Bi has a glass transition point of 30°C or below* The term 

Lfl "minimum film- forming temperature" used herein refers to 

25 a minimum temperature at which, when a dispersion 
prepared by dispersing the colorant in water Is thinly 
cast onto a sheet of a metal, such as aluminum, to form 
a coating which is then gradually heated, a continuous 
film is formed. Accordinq to this embodiment, the ink 
30 composition according to the present invention ran 
surely form a film at room temperature, resulting in 
improved fast drying properties, drying to the touch, 
rubbing/scratch resistance, and wateriastness of prints. 
C. Water-baapJ pigment d lepers ion 
35 According to a preferred embodiment of the present 

invention, the colorant may be a watcr-baeed pigment 
dispersion* The "water-based pigment dispersion" 
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according to the present: invention comprises minute and 
stahlR ftncapsuiated particles ot a piqment encapsulated 
in a polymer produced f r m a polymerizable surfactant 
having both nonionic hydrophilicily and anionic 
S hydrophilicity and a monomer. 

The n water-taas«d pigment dispersion" refers to a 
Stable dispersion ol minute and stable encapsulated 
particlos of a pigment in an aqueous medium. The 
polymeria able surfactant havinq both anionic 
10 hydrophilicity and nonionic hydrophilicity adsorbs on 
the surrace of pigment particles , has excellent 
dispersion stability even under conditions tor 
subsequent polymerization, that is, can prevent 
coaqulation among particles , and thus advantageously can 
|l 15 easily form encapsulated particles. The pigment for use 

g in the water-based pigment dispersion may be the same as 

Ul described above „ 

0 1 The water-based piqment dispersion according to 

J- the present invention has excellent dispersion stability. 

2U The reason for this has iiul been fully elucidated yet. 
However, it is believed that, as rtp.snribed above, as 
compared with mere adsorption of a dispersant on the 
fij surface of pigment particles inspired by van der waals 

forces, the encapsulation of the piqment can provide 
25 mechanically stronger fixation of the dispersant on the 
surfonn of pigment particles- The above theory is used 
only for explaining the present invention, and should 
not be construed as limiting the scope of the present 
invention* 

30 According to the present invention, when the 

water-based pigment dispersion is used as the colorant, 
the content of the water-based pigment dispersion is 
preferably about 1 to by weight, more preferably 

about 1 to 10% by weight, based on the ink composition- 
35 when the content of the water-based pigment dispersion 
is not less than 1% by weight, satisfactory print 
density nan be advantageously provided. on the other 
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hand, when the content of the pigment dispersion is not P 
mnr« than 20% by weights th viscosity of the ink. 
composition is brought to a viscosity range suitable as 
an ink for ink jet. recording. This enables the ejection 
5 stability to be maintained. 

The pigment used in the water-based pigment 
dispersion may be Lbe same as described above* The 
amount of the pigment added is preferably about 5 to 50% 
by weight r more preferably about 5 to 30% by weight, 
10 based on the water-based pigment diepersion. 

Preferred polymer izable surfactants having both 
anionic hydrophilicity and nonionic hydrophilicity 
usable in the present invention include compounds 
represented by formula (I). Polymcrisable surfactants 
15 represented by formula (T) are disclosed in Japanese 
Patent Laid-open Nos* 320276/1993 and 316909/1998. 



I* 

m 

2 ~? 



CH 2 -CH-CHa-0-CH 2 



wherein 

R rcprcccntEJ a hydrogen atom or a hydrocarbon 
Ul 20 residue having 1 to 12 carbon atoms; 

w n is a number of 2 to 20; and 

* w M represents an alkali metal atom (preferably 

lithium, sodium, or potassium) , an ammonium salt/ or an 
alkanol amine. 

25 Properly regulating R and n value in formula (I) 

can cope with the hydrophilicity or the hydrophobic^ ty 
of the surface of the piqment. Specific examples of 
preferred polymerizable surfactants represented by 
formula (I) include compounds represented by formulae 

30 (XI) to (V) . They may bo uccd alone or as a mixture of 
two or jnnrn. 
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C9H ' 9 ^^^) ° Ofc-W-O— (C2H4-0— Ho— SO^I (II) 

M:NH« 

CHa«=CH— CH 2 O Cllg 

CbHij ~" < ^^ — O-CHa-iH-O-ICtHf-O-),,— SO-JW (|||) 

M:Na 

CHz^-CH— CHg O— CI l z 

C,H B -<^>~0-CH c -i H — 0 — (C^H^O — ) e GO3M ( IV ) 

M : NHCC2H 4 OH) 3 

01 lij=CI l-CH^O-CHa 

CaN iy — q-CHz— CH- 0 (CjJU-O— >« SOjM (V | 

M:NH 4 



According to the present invention, commercially 
available products may also be used as the polymerlzable 
surfactant, and examples thereof include Aqualon HS 
fU 5 Series manufactured by Dai-Ichi Kogyo Seiyaku Co. r Ltd- 

(Aqualon HS-05, HS-10, HS-20, dud HS-1025), Aqualon RN 
Scricc manufactured by Dai-Ichi Kogyo Seiyaku Co . , Ltd - 
(RN-10, KN-20, KAI-30, RN-50, and RN-2025) r New Frontier 
Series manufactured by Dai-Ichi Kogyo Seiyaku Co . r Ltd . 
10 (New Frontier N-17/B and s-510), Adeka Keasoap SB series 
manufactured by Asahi Denka Kogyo Ltd., and Adeka 
Reasoap NE Series manufactured by Asa hi nenka Kogyo Ltd. 
(NE-10, NE-20, NE-30, NE-40, and NE-50). According to a 
preferred embodiment of the present invention,, the 
15 polymer izable s>ui£<iClanL is preferably copolymerized r 
although the polymerizable surfactant may be 
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horaopolymerized . 

The amount of the p lymeriaablc ourfactant added 
is preferably about 10 to IbO* by weight, more 
preferably about 20 to 100% by weight, based on the 
5 pigment. The addition of the polymeri2able surfactant, in 
an amount of not less than 10% by weight can improve the 
dispersion stability of the ink composition* The 
addition of the polymerizable surfactant in au <±iuounL of 
not more than 150% by weight oan inhibit the occurrence 
10 of che polymerizable surfactant remaining unadsorbed on 
the pigment and oan prevent a polymer other than that 
involved in encapsulated particle* from being produced. 
This can improve the ejection stability of the ink 
composition. 

15 Any monomer may be used in the present invention 

so far as the monomer is highly copolymerizahle with the 
pulymerizable surfactant. Since , however , the 

polymerizable surfactant represented by formula (I) is a 
monomer having a high electron donating property, the 
20 monomer according to the present invention preferably 
a has a high electron accepting property. specific 

p examples of the monomer having a high electron accepting 

Jfj property include: aery Ionic rile; fumaro nit rile; diesters 

Ift of fumaric acid, such as dibutyl fumarate; diesters of 

75 maieic acid, such as dibutyl maleatej maleimides, such 
as N-phenylmaleimide? and vinylidene cyanide. They may 
be used alone or as a mixture of two or more. 

Examples of monomers usable in the present 
invention include acrylic acid, acrylic esters r 
30 methacrylic acid, and methacrylic esters. Specific 
examples thereof include acrylic acid, methyl acrylate, 
ethyl aery late, n-butyl acrylate, butoxy ethyl acrylate, 
benzyl acrylate, phenyl aery late, phenoxycthyl acrylate, 
cyclohexyl acrylate, dicyciopentanyl acrylate, 
3 3 dlcy clupen Ly ay 1 acrylate , dicyclopentyny loxyethyl 

acrylate, tetrahydrofurfuryl acrylate r isnhnmyl 
acrylate f 2-hydroxy ethyl acrylate, 2-hydroxypropyl 
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acrylate, 2-acryloyloxyethylsuccinic acid, 2- 

acryloyloxyethylphthalic acid, caprolactone anryl ate, 
glycidyl aery 1 ate , methacxyliu acid, methyl methacrylate, 
ethyl mcthacrylate, n-butyl methacrylate, 2-ethylhexyl 
5 methacrylate, bntoxymethyl merhacrylate, benzyl 
nieLhacrylate, phenyl methacrylate, phenoxyethyl 
methacrylate, cyclohexyl methacrylat.A, dicyclopentanyl 
methacrylate, dicyclopentenyl methacrylate, 

dicyclopentenyloxyethyl methacrylate , t.At.rahydrotizrtazyl 
10 nethacrylate, isobornyl methacrylaie, 2-hydroxyethyl 
methacrylate, 2-hydroxypropyl methacrylate, 2- 
hydroxybutyl methacrylate, glycerol jneLbaerylate, 2- 
methacryloyloxyethyleuccinic acid, 2- 

methacrylnyl nvy«thyl phthalic acid, caprolactone 

15 methacrylate, glycidyl methacrylate, oulfoethyl 
methacrylat.fi, butyl acrylamidosuiionic acid/ phosphoethyl 
methacrylate, ethylene glycol diacrylate, diethylene 
glycol diacrylalre, triethylene glycol dlacrylare, 
fU LeLraethylene glycol diacrylate, polyethylene glycol 

[hf 20 diacrylate, allyl arrylate, 

a bis ( acryloxyethyl ) hydroxy eLhyl ieocyanurate, 

O bic (acryloxyneopentyl glycol) azipate, l,3-but:yl atia 

glycol diacrylate, 1,6-hexanediol diacrylate, neopentyl 
jj glycol diacrylate, propylene glycol diacrylate, 

25 polypropylene glycol diacrylate, 2 -hydroxy -1,3- 
diacryloxypropane , 2 f 2 -bis [ 4- ( acryloxy ) phenyl ] propane, 
2 r ?. -b i s [ 4 - ( acryloxy ethoxy } phenyl J propane , 2 , 2-bis r 4- 

( aery loxy eLUoxy or diethoxy ) phenyl ] propane/ 2 , 2-bia [4- 
(acryloxyethoxy or polyethovy) phenyl Jpropane, 

30 hydroxypivalic auid neopenLyl glycol diacrylate, 1,4- 
butanediol diacrylate, dicyclopentanyl diacrylate, 
dipentaerythrital hexdaerylate, . dipentaerythritol 
monohydroxypentaacrylat o , ditrimethy lolpropane 

tetraacrylate, pentaerythriLul triacrylate, 

35 tetrabroinobisphenol A diacrylate, triglycerol diacrylate, 
trimethylol propane triacrylate , trie (acryloxyethyl) 
isocyanurate, ethylene glycol dimethacrylate, diethylene 
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glycol dimethacrylate, tri ethylene glycol dimethacrylate, 
tetra thylene qlycol dime Lhacry late, polyethylene glycol 
dimethacrylate, propylene glycol dimethacrylate, 
polypropylene glycol dimethacrylate, 1,3-butylene glycol 
5 dimethacrylate, 1 , 4-butanediol dimethacrylate, 1,6- 
hfivanGdioi dimethacrylate, neopentyl glyuul 

dime Lhacry late , 2-hydr oxy- 1 , 3 -dimethacry loxypropaae , 

2 , 2-bis [4- (met hacrylrwry ) phenyl ] propane, 2 , 2 -bis [4- 

( me Lhacry loxyethoxy ) phenyl ] propane r 2 , 2 -bis [ 4- 

10 (methacryloxyethoxydiethoxy) phenyl ] propane, 2, 2 -bis 14- 
( methacxy luxy ethoxypoly ethoxy ) phenyl ] propane , 
tctrabromobisphenol A dimethacrylate, dicyclopentanyl 
dimethacrylate, dlpentaerythriLul hexamethacrylate, 
glycerol dimethacrylate, hydroxypivalia acid neopentyl 
15 glycol dimethacrylate, dipentaerythritol 

monohydroxypentamethacrylate , ditr imethylolpropane 

{J tetramethacrylat«, pentaerythritoi trlmethacrylate, 

m pentaerythritol tetramethaerylatc, triglycerol 

dimethacrylate, and tr imethylolpropane trlmethacrylate. 
20 The amount of the monomer added Is preferably 

about 2 to 15 moles , more preferably about 3 to 12 moles, 
Q based on one mole of the polymer izable surfactant. The 

■jT" addition of the monomer in an amount of not less than 2 

\ y 

tjl moles based on one mule of the polymerizable surfactant 

25 can provide encapsulated pigment particles having 
y excellent dispersion stability in an aqueous medium. On 

the other hand, the addition of the monomer in an amount 
of not more than 15 moles based on one mole of the 
polymerizable surfactant can enhance the dispersion 
30 stability of the ink composition, because the monomer 
can be satis lac Lui.il y dissolved in an adsorbed layer of 
the polymerizable surfactant and this can inhibit the 
production of water- insoluble polymer and can inhibit a 
relative reduction in the amount of ionic repellent 
35 groups . 

Polymerization initiators usable in the present 
invention include potassium persulfate, ammonium 
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persulfate, sodium persultate, 2,2-azobis(2- 

methylpropionamidine ) dihydrochloride f and 4 / 4-asobis ( 4- 
cyano valeric acid). 

The water-based pigment dispersion according to 
5 the present invention may be produced as follows. 

Sppni tically, the water-based pigment dispersion 
may be produced by immobilizing a polymer iz able 
surfactant on a pigment, that is, by encapsuli2ation of 
a pigment. More specifically, a pigment and a 
10 polymer isabla surfactant are added to an aqueous organic 
solvent and/or water f and the mixture is wet ground, for 
example , by ultrasonics, ball mill, or sand grinder. 
Thereafter, a monomer to be copolymer ized and/or a 
polymerisation initiator optionally while continuing 
15 grinding ar« added, and a polymerization reaction is 
allowed to proceed aL 40 to 100°C for 10 to 60 hr. Thue, 
encapsulated pigment particles can be prepared. The 
amount of the polymerization initiator added is 
preferably n.l to 10% by weight , more preferably 1 to 5% 
y: 20 by weight, based on the monomer. 

a The encapsulated pigment particles thus obtained 

{■* are then centrifuged or filtered to remove coarse 

pj particles. Water-soluble organic solvents, such as 

1/1 alcohols, glycols, or amides, water-soluble polymers, 

25 surfactants, fungicidee and the like may be then added 
according to contemplated applications. Thus, the water- 
based pigment dispersion according to the present, 
invention is prepared. More preferably , the water-based 
pigment dispersion may be prepared according to a 
30 production process described in JapanMft Patent Laid- 
open NO. 316909/1998. 

3 r Resin emulsion particles 

The in* composition according Lu the present 
invention contains resin emulsion particles- Thn term 
35 "resin emulsion particles" used in the present- Invention 
refers to fine particles of a polymer component, that is, 
fin* particles of a polymer. The "resin emulsion 
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particles" are preferably formed of a polymer having a 
film-forming property* The rem "resin emulsion" used 
herein refers to an ague us dispersion comprising wat r 
as a continuous phase and resin emulsion particles as 
dispersed particles. The "rosin emulsion" is often 
nailed "polymer emulsion" or "aqueous c w ater-based) 
emulsion." 

According to the present invent i on , specific 
examples of the polymer component constituting the resin 
emulsion particles include styrane/ (meth) acrylic acid 
copolymer , styrene/ (roeth ) acrylic ester/ (meth) acrylic 
acid copolymer poly ( met h) acrylic oster, 

styrene/butadiene copolymer , polybutadiene , 

acrylonitrile/butadiene copolymer/ ehloropren© copolymer, 
polyolefine, polystyrene, polyvinyl acetate, poiyamlde, 
ethylene /vinyl acetate copolymer, vinyl acetate/aorylic 
ester copolymer, and polyurethane- According to the 
present invention,- the resin emulsion particles have -the 
effect of promoting the fixation of the colorant onto 
the surface of the recording medium through an 
interaction between the resin emu} ft ion particles and the 
reactant contained in a reaction solution described 
below , especially a polyvalent metal ion or a 
polyallyl amine or a polyallylamine derivative. 

The content of the resin emulsion particles may be 
properly determined by the content based on the ink 
composition, and thus is about 0.1 to 30% by weight, 
preferably 5 to 30% by weight r based on the infc 
compos i Lion. 

According to the present invention, in the resin 
emulsion, the ratio of the resin emulsion particles to 
water i3 about 1 : 1 to 4, preferably about 1 s 1 to 3. 
According to a preferred embodiment of the present 
invention, the reein emulsion particles are formed of a 
polymer component having both hydrophillc moiety and 
hydrophobic moiety. The average molecular weight of the 
resin emulsion particles is not less than about 5,000, 
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preferably not less than about 10 , 000. The average 
molRnular weight, of the resin emulsion particles is 
measured by removing the water component from the resin 
emulsion to provide the polymer, dissolving the polymer 
in an organic solvent, such aa tetrahydrofuran, and then 
subje.ct.ing the solution to gel permeation chromatography 
(GPC). The correction of the molecular weight is carried 
out using monodiepersed polystyrene 

The average particle diameter of the resin 
emulsion particles ie preferably not more than about 400 
nm, more preferably about 100 to 200 nm, still more 
preferably about 10 to 100 ran. The average particle 
diameter of the resin emulsion particles may be measured 
by a conventional method. In particular, the average 
particle diameter is preferably measured by laser 
scattlnq* 

According to a preferred embodiment of the present, 
invention , the glass transition point of the resin 
emulsion particles ie about 30°C or below, preferably 
about 25V. or beiow, more preferably about 20°c or below. 

According "to a preferred embodiment of the pr^sftnt 
Invention, the minimum lilm-forming temperature of the 
rcein emulsion containing resin emulsion particles is 
about 30°r. or below, more preferably about room 
temperature (about 25°c) or below, still more preferably 
about 20°C or below. When the film formation of the 
resin emulsion can be can led out at about 30°c or below, 
film formation on the printed fan* nan advantageously 
automatically proceed at room temperature or below 
without heating and drying the printed recording medium r 
leading to strong fixation of the dye ul pigment as the 
colorant onto the recording medium. 

On the other hand, in the recording method 
according to the present invention, the resin emulsion 
particles arft prp.fHrrRd when the step of heating and 
drying is not particularly required. According to the 
r«cordi*g method of the present invention, the resin 
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emulsion particles are not limited to only those which 
per ee have a glass transition point of about 30 rt C or 
below and, as a resin emulsion , hav a minimum film- 
forming temperature of about 30 W C or below,, and resin 
5 emulsion particles which per ee have a glass transition 
point above 30°c and, as a resin emulsion, have a minimum 
film-forming temperature above 30 rt C may also be 
preferably used. A person having ordinary skill in the 
art would naturally understand that heating at the 
10 minimum film-forming temperature of the resin emulsion 
results in film formation which enables the colorant 
component to be fixed onto the recording medium. 

Here the term "minimum tilm- forming temperature" 
refers to a minimum temperature at which/ when a resin 
I 15 emulsion prepared by dispersing resin emulsion particles 

in water is thinly cast onto a sheet of a motal r such as 
in aluminum/ to form a coating which iR then gradually 

heated, a transparent/ continuous film is formed. In 
this ease r a white powder is formed in a temperature 
20 region below the minimum fllm-forminq temperature. 

The term » film- forming property" means that 
evaporating a water component as a continuous phase of a 
resin emulsion prepared by dispersing resin emulsion 
particles in water results in film formation of a 
25 polymer. Likewise/ in the case of an ink composition 
with resin emulsion particles added thereto, when water 
or the aqueous organic solvent is removed from the 
periphery of the resin emulsion particles (fine 
particles of polymer)/ a polymer film is formed. This 
30 polymer film functions to strongly fix the colorant 
contained in the ink composition onto the surface of the 
recording medium. This can be considered to reaJize 
images possessing excellent rubbing/scratch resistance/ 
wet Lex .Castries 5/ and weathering rcsictance. 
35 According to a preferred embodiment of the present 

invention/ the fine particles of the resin emulsion 
according to the present invention have, on the surface 
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th reof , at least one functional group selected from the 
group consisting of carboxyl, sulfonic acid, exoi.de, 
amino / and hydroxyl groups, independently of whether the 
resin emulsion particles have a single-part icle 
5 structure or a core-shell structure. In the case of the 
core-shell structure, the functional group is pxesent in 
the shell. In particular, the presence of carboxyl 
groups is preferred. Tn the production process described 
below / the functional group may be allowed to exist in 
10 the monomer structure. Alternatively, after the 
production of the tesin emulsion particles, the 
functional group may bo added, for example, by grafr. 
polymerization onto the surface of the resin emulsion 
particles. 

a 15 The pr*s«nce of the functional group is considered 

3 preferable from the viewpoint of the following expected 

mechanism- However, it should he no Led that the 
m following theory is hypothetical and should not be 

construed as limiting the scope of the present invention. 
20 The hydrophilic qLuiip, such as carboxyl, sulfonic acid, 
8 amide, amino, or hydroxyl group, on the surface of the 

Q fine particles ol the resin emulsion can combine with a 

hydroxyl group (OH group) on the* surface of non- 
jn absorptive recording oiedia having a plastic, rubber. 
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25 metallic, ceramic or other surface to form a hydrogen 
bond. Therefore, in the recordinq method according to 
the present invention, the functional group can strongly 
fix the colorant onto the non-absorptive recording 
medium. In particular, when the structure of the resin 

30 emulsion particles is a core-fihel 1 structure and, in 
addition, hydiupiiilic groups, such as carboxyl, sulfonic 
acid, amide, amino, or hydroxyl groups, are contained in 
the shell layer, the proportion of the hydrophilic 
groupe present in the surface of ttm particles is 

35 enhanced. This can further enhance the effect. Further, 
ink compositions containing resin emulsion particles 
having these groups do not wet the surface of a nozzle 
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plate, -to which water repel! eney has been Imparted, in a 
recording head of an ink Jet. printer. By virtue f this 
property , £ r example, a failure of ink ejection due to 
thft wetting of the surface of the nozzle plate by the 
5 ink and ink droplets trajectory directionality problem 
can be avoided, and excellent ejection s Lability can be 
realized. Further/ ink compositions containing resin 
emulsion particles having thftse groups possess excellent 
storage stability. 
10 According to a preferred embodiment ot the present 

invention, the resin emulsion particles according to the 
present invention have a high capability of forming 
coagulate with a divalent metal salt. More specifically r 
the resin emulsion particles have a capahi lity of 
M= 15 forming coagulate with a divalent metal salt such that f 

O when 3 volumes of a 0.1 wt% rcein emulsion of the fine 

particles is brought into contact with one vulume of a 1 
mol/lituj. aqueous divalent metal salt solution, the time 
required for the transmission of light having a 
20 wavelength of 700 nm to become 50% of the initial value 
ie not more than 1 x 10 4 fiftrs, preferably not more than 1 
x 10* sec, more preferably not more than 1 x 10* eec. The 
resin emulsion particles, when brought into contact with 
divalent metal lone, cause coagulation to form suspended 
G 25 matter which lowers the transparency of th« solution ♦ 

fU The amount of the resultant suspended matter is measured 

in terms of light transmission. Divalent metal ions 
include Ca 2 ', Cu*', Ni 3 *, Mg a \ ZD?*, and Ba 3+ . Anions, which 
form salt6 with divalent metal ions, include CI", NO/*, I", 
30 Br", CIO/, and CB^COO'. 

ACCOrdinq to a particularly preferred embodiment 
of the present invention, the resin emulsion particles 
according to the present invention have carboxyl group 
on the surface thereof. This can enhance the capability 
3S of forming coagulate with the dival«nL metal salt. More 
specifically, the resin emulsion particles have a 
capability ot forming coagulate with a divalent metal 
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salt such UiaL, when 3 volum s of a 0.1 wt% resin 
emulsion f th fine particles is brought, into contact 
with one volume of a 1 uiol/liter aqueous divalent metal 
salt solution, tho time required for the transmission of 
light having a wavelength of 700 nro to become 50% of the 
initial value is not more than 1 x 10 4 sec, preferably 
not more than 1 v 10 s sec, more preferably not mure than 
10 sec. The res in emulsion particles, when brought into 
oontoct with divalent metal ions, rause coagulation to 
form suspended matter whirfi lowers the transparency of 
the solution. The amount of the resultant suspended 
matter is measured in terms of light transmission. This 
high level of coagulation property is considered 
attributable to the fact thai the resin emulsion 
particles having a relatively large number of carboxyl 
groups on the surface thereof can further enhance the 
level of Lhe coagulating property. Ink compositions 
containing resin fiimilsion particles having, on the 
surface thereof, a large amount of carboxyl groups do 
not have any affinity for a no22le plate, in a head for 
ink jet recording, which has boon subjected to water 
repellency- imparting treatment- This can provide a great 
advantage that problems involved in conventional water- 
soluble resin-containing ink compositions, that is, an 
ink droplet trajectory directionality problem and a 
failure of the ink droplets to be ejected, cauf?^ by 
good wettability or the nozzle plate by the ink 
composition, can be effectively prevented- Further, the 
use of the resin emulsion particles having a relatively 
large amount of carboxyl groups can realize better 
rubbing/scratch resistance and water resistance, further, 
the high hydrophilicity of the surface of the resin 
emulsion particles can advantageously impart excellent 
storage stability to ink cuiupueltion. 

According to a preferred embodiment of th« present 
invention, the contact angle of a resin emulsion, 
prepared by dispersing the resin emulsion particles in 
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water to provide a r sin emulsion particle concentration 
of 10% by weight, on a t flon She t is not less than 
about 70 degrees, more preferably not leee than about 60 
degrees. Further, the surtare tension of a resin 
5 emulsion r prepared by dispersing the resin emulsion 
particles in water to provide a resin emulsion particle 
concentration of 35% by weight is not less than about 40 
x 10" 3 N/m (40 dync/cm, 20 °C), preferably not less than 
about 50 x 10~ s H/m. The utilization of such resin 
10 emulsion particles , when the ink composition is used in 
ink jet recording, can more effectively prevent Uie ink 
dxupleL trajectory directionality problem and, at the 
same time, can realize good prints. 

According to another preferred embodiment of the 
H 15 present invention, the resin emulsion particles contain 

O 1 to 10% by weight of a structure derived from an 

Ijj- unsaturated vinyl monomer having a carboxyl group and 

Jjl have a structure cross linked by t& urosslinkable monomer 

having two or more polymeri2able double bonde with the 
20 content of the structure derived from the crosslinkable 
monomer being 0.2 to 4% by weight- The utilization of a 
Q. three-dimenslonally crosslinked polymer prepared by 

copolymer is at ion of croeclinkable monomers preferably 
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jn having two or more polynierizable double bonds, more 
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O 25 preferably three or more polymcrisable double bonds, 

makes it more difficult tor the surface of the nozzle 
plaLe Lo be wetted by the ink composition. Thie can more 
effectively prevent the occurrence nf the ink droplet 
trajectory directionality problem and, at the same timc r 
30 can further improve the ejection stability. 

According to the present invention, the resin 
emulsion partialcs used may have a single-particle 
structure, on the other hand, aocording to the present 
invention, resin emulsion particles having a cor©/ shell 
35 structure may also be utilized.. The core/shell structure 
comprises a core and a shell surrounding tho core. The 
term "core/ shell structure" used in the present 
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invention reters to "a form such that two or more 
polymers having different compos it ions are present in a 
phas separated state in a particle." Therefore, forms 
of the core/shell structure usable in the present 
5 invention include a form wherein the core ifi entirely 
covered with the shell, a form wherein the core is 
partially covered with tho shell, and a form wherein a 
part of the polymer constituting the shell form© a 
domain or the like within the core particle. Further, 
10 the particle may have a imil ti-layer structure of three 
or more layers wherein at least one additional layer 
having a different composition is further interposed 
between the core and the shell. 

According to a preferred embodiment of the present 
a 15 invention, in the resin emulsion particles r the core is 

3 formed of a polymer having epoxy groups, and the shell 

is formed of a polymer having carboxyl groups. The epoxy 
group is reactive with the carboxyl group. These two 
groups arft allowed to exist separately from each other. 
20 That is, the epoxy group and the carboxyl group are 
present respectively in the core and shell, or vice 
O vert> et. The reduction in the amount of water or the 

water-soluble organic solvent causes coalescence of the 
resin emulsion particles (i.e./ fine particles of 
25 polymer) with one another, and the resin emulsion 
particles are deformed by pressure involved in the film 
formation. As a result, the epoxy groups in t.h* core are 
hondRd to the carboxyl groups in the shell lo form a 
network structure > This can advantageously form a 
30 coating having higher strength. The amount of the 
unsaturated vinyl monomer having an epoxy group is 
preferably 1 to 10* by weight- According to the present 
invention, a reaction of a part of the epoxy groups with 
a part of the carboxyl groups before the film formation 
35 is acceptable so far as the film-forming property is not 
lost. In the present invention, the property ««ch that, 
when reactive functional qxuuys are allowed to coexist 
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within the resin emulsion particles, th se groups »r» 
reacted with each othar without the addition of any 
curing agent at the time f film format! n to form a 
network structure r will be referred to as "self- 
5 crosfll Inkable." 

The reein emulsion according to the present 
invention may hfi prepared by mixing water, a monomer, an 
emulsifier, and a polymerization initiator togftthfir, 
emulsion polymerizing the mixture, and then adjusting 
10 the reaction mixture to a desired pH value by the 
addition of a PH adjustnr. According to the present 
invention , the resin emulsion particles constituting the 
dispersed phase in the resin emulsion roay be produced by 
an emulsion polymerization reaction of a monomer 
15 (particularly an unsaturated vinyl monomer), an 
emulfiifier, and a polymerization initiator. 

According to the present invention, a monomer, 
preferably an unsaturated vinyl monomer, is used. 
Specific examples of unsaturated vinyl monomers include 
W 20 those commonly used in emulsion polymerization/ such as 

1 acrylic ester monomers, methaorylie ester monomers, 

C# aromatic vinyl monomers r vinyl ester monomers, viuyl 

cyanide compound monomers, halogenated monomers, olefin 
monomers, and diene monomers- Specific examples therwl 
2b include i acrylic esters, such as methyl aery late, ethyl 
acrylate, isopropyl acrylate, n-bntyl acrylate, isobutyl 
acryl ar.fi , n-amyl acrylate , isoamyl acrylate f n-hexyl 
acrylate, 2-ethylhexyl acrylate, octyl acrylate, decyi 
acrylate, dortecyl acrylate, octadecyl acrylate, 
30 cyclohexyl acrylate, phenyl acrylate, benzyl acrylate, 
and glycidyl acrylate; methacrylic esters, such as 
methyl me Lhacrylate , ethyl methacrylate , isopropyl 
mothacrylate, n-butyl mfith acrylate, Isobutyl 

methacrylate, ii-<aiayl methacrylate, isoamyl methacrylate, 
35 n-hexyl methacrylate, 2-ethylhexyl methacrylate, OCtyl 
methacrylate, decyl methacrylale, dodecyl methacrylate, 
octadecyl methacrylate, cyclohexyl methacryLate, phenyl 
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methacrylat , benzyl methacrylate, and glycidyl 
methacrylate; vinyl eaters, such as vinyl acetate? vinyl 
cyanide compounds , such as aorylonitrile and 
mcthacrylonitrilef halogenateri monomers , such as 
h vinylidene chloride and vinyl chloride; aromatic vinyl 
monomers, ouch as etyrene, 2-methylstyrene, vinyl toluene, 
t-butylstyrene, chlorostyrene, vinylanisole, and 
vinylnaphthalene; olefins, such as ethylene, propylene, 
and isopropylene? dlenes, such as butadiene and 
10 chloropLfcsne? and vinyl monomers , such as vinyl ether, 
vinyl ketone, and vinylpyrrolidone. in the case of 
monomers uot having a carboxyl group, an unsaturated 
vinyl monomer having a carboxyl group should be used, 
preferred examples thereof include acrylic acid, 
M- 15 methacrylic acid, itaconic acid, fumarln acid, and 

pj- maleic acid. Among them, methacjtylic acid is preferred. 

1*^ According to the present invention, a sr.tnicrcure 

m formed by cross linking of molecules, derived from the 

fU above monomers , with a cross linkable monomer having two 

Jjf 20 or more polymeri2able double bonds is preferred. 

Examples of croselinkablo monomers having two or more 
Q polymeriaable double bonds include* diacrylate compounds, 

Jy such as poly ethylene glycol diacrylate, triethylene 

lyf] glycol diacrylate, 1,3-butyiene glycol diacrylate, 1,6- 

O 25 butylene glycol diacrylate, 1, 6-hexancdiol diacrylate, 

W neopentyl glycol diacrylate, 1 , 9-nonanediol diacrylate, 

polypropylene qlycol diacrylate, 2 , 2 1 -bis ( 4- 

acryloxypropyloxyphenyl ) propane, and 2,2' -bis ( 4- 

acryloxydiet hoxyphenyl ) propane ; tr iacry late compoundo , 
30 such as trimcthylolpropane triacrylat.e, 

trimethylolethane triacrylate, and tetramethylolmethane 
triacrylate; tetraacrylate compounds, such as 
ditrijnethylol tetraacry] ate, tetrametLhyiolme-chane 
t-etraacryldte, and pentaerythritol tetraacrylate? 
35 hexaacrylate compounds r snnh as dipentaerythritol 
hexaacrylate; dimethauiylate compounds, such ao ethylene 
glycol dimethacrylate, diethylene glycol dimethacrylate. 
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tr methylene glycol dimethacrylate , polyethylene glycol 
ril methacrylate, 1 f 3-butylene glycol dimethacrylare, 1,4- 
butylene glycol dimethacrylate, l r 6-hexanediol 

dimethacrylate, neopenryl glycol dimethacrylate, 
dipropylene glycol dimethacrylate, polypropylene glycol 
dimethacrylate, polybutylene glycol dimethacrylate, and 
2 / 2 ' -bis ( 4-meLhacx y loxydiethoxyphenyl ) propane j trimeth- 
acrylate compounds, such as trimethylolpropan** 
triniflrhacryl are and trlmethylolethane trliuelhacrylate; 
methylene bisecrylamide ) and divinylbenaene. 

The addition of a sulfonic acid group-containinq 
monomer, an aery 1 amide compound, or a hydroxy 1- 
containing monomer in addition to the above monomer can 
further improve printing stability. Specific examples of 
acryl amide compounds (acrylamides) include acryiamide 
and N,N' -diuietkylacrylamide. Specific examples of 
oulfonic acid group-containing monomers include 
vinylsulfonic acid and salLe thereof, styrenesulfonic 
acid and salts thereof, and 2-anryl oylamino-2- 
methylpropanesulfonic acid and sails thereof. They may 
be used alone or as a mixture of two or more. Specif in 
examples of Uydroxyl-cuirLaiiiiug monomers include 2- 
hydroxyethyl acrylate, 2 -hydroxy propyl acrylate, 2- 
hyiiroxyethy.L methacrylate , and 2-hydroxyprepyl 
methacrylate. They may be used alone or as a mixture of 
two or more. 

Emulsifiers include: anionic surfactants, such as 
salts of alkylallylsulfonic acids or salts ot 
alkylallylsulf uric duids, salts of alkylsulf onic acids 
or salts of alkylsulf uric acids, and salts of 
dialkylsulfosuccinic acids; and nonionic surfactants, 
such as polyoxycthylcne nonylphenyl ether, 
pol yoxyethyl enestearic esters , polyoxyerhyiene 

alkylallyl ethers, and sorbitan monolaurio esters - 

Polymerization initiators include potassium 
persulfate and ammonium persulfate* Other ingredients 
usable* hRrein include polymerization regulators , chain 
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transfer agents, and molecular weight modifiers. 

The reein emulsion particles may be produced by 
mixing a monomer, an emulsificr, a polymerisation 
initiator r and nt.jmr optional components together and 
5 emulsion polymerizing the mixture. The amount of these 
components added may b*> properly determined. The above 
components are placed in a reaction vessel, and are 
mixed together. The mixture is emulsion polymerized. 
The emulsion polymerization reaction temperature is 60 
10 to 90°C, preferably about 70 to 00°C* 

The resin emulsion particles having a core/shell 
structure may be produced by conventional methods , 
generally mill fcl -step emulsion polymerization and the 
like, for example, by a method disclosed in Japanese 
yL 15 Patent Laid-Open No, 76004/1997. Examples ot unsaturated 

Q vinyl monomers usable in the polymerisation include 

jf? those described above. 

yl 

g* Methods usable for the introduction of epoxy group 

fll into the core include a method wherein an epoxy* 
l fz 20 containing unsaturated vinyl monomer r such as glycidyl 

!~ aery late, glycidyl methacrylate, or ally Iglye idyl ether, 

Q is copolymerlzed with other unsaturated vinyl monomer, 

M* and a method wherein, in the polymerisation of at least 

ft! 

:z one unsaturated vinyl monomer to prepare uoie particles, 

y * . 

q 25 an epoxy compound is simultaneously added to form a 

PJ composite structure. Thft former method is preferred from 

the viewpoints of easiness of the polymerization, 
polymeri2ation stability and the like- 

Accordinq to the ptesent invention/ the resin 
30 emulsion particles produced by the emulsion 
polymerization is adjusted to a desired pH value by the 
addition of a pH adjustor. 

PTfif«rrfcri pH adjustors usable in the present 
invention include monovalent alkali metal hydroxide© and 
35 organic amines- 

When the pH is adjusted to a desired value by the 
addition of a monovalent metal hydroxide, the ph value 
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is specifically adjusted t about 7 to 10, preferably 
about 7 to 9, Therefore, the monovalent metal hydi oxide 
is added in such an amount that the resin emulsion 
particles are brought to a pH value tailing within the 

5 above range. 

The production process of the resin emulsion will 
be briefly described. water and an eumlsifier are 
charged into a reaction vessel equipped, for example, 
with a stirrer, a reflux condenser, a droppinq device, 
10 and a thermometer . A polymerization initiator is added 
thereto, and the mixture is brought to a predetermined 
temperature. An emulsified monomer is added to the 
contents of the reaction vessel, and a reaction is 
allowed no proceed. Thus, a resin emulsion is prepared. 
15 The resin emulsion is adjusted to a desired pH value by 
2 the addition of a monovalent metal hydroxide. Thus, the 

resin emulsion according to the present invention is 
produced- 

Further, according to the present invent ion, 
20 conventional resin emulaions may also be used as the 
resin emulsion satisfying the above requirements. For 
example, resin emulsions described, for example, in 
Japanese Patent Publication No. 1426/1987 and Japanese 
[fl Patent Laid-Open Vos. b** /3/1991, 79676/1991, 

□ 25 160068/1991, and 18462/1992 may be used. 

N p T Pinftro^Hryi^gont flj^^n^ r-oaitx Pmnlsinn narticles 

According to a preferred embodiment of the present 
invention, the ink composition comprises a fluoroalkyl- 
cnnt.aining resin emulsion particles. Since the ink 
30 composition according to the present invention contains 
this type nf resin emulsion particles, the colorant and 
the resin emulsion particles arc left on the surface of 
the recording medium and, in addition, are strongly 
fixed onto the surface of the recording medium. This can 
35 realize good images possessing rubb j ng/scratch 
resistance and weathering resistance. Although the 
reason why this effect can be attained has not been 
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fully elucidated yet, the reason may be b liev d to be 
as follows. It is considered that the presence of the 
flu roalkyl group in the resin emulsion particles 
permits the colorant fixed unto the recording medium to 
5 be coated by the fluorine atom and this can enhance the 
weathering res i stance . The above mechanism is 

hypothetical and should not be construed ao limiting the 
scope of the present invention. 

Accordinq to a preferred embodiment of the present 
10 invention, the fluoroalkyl grnnp is such that 3 to 41 
fluorine atoms, preferably 3 to 27 fluorine atomc, are 
present in a straight-chain or branched aikyl group 
having 1 to 13 carbon atoms, preferably 3 uo 13 carbon 
atoms. Specific examples of preferred fluoroalkyl groups 
a 15 include -CF,, -C*F 3 i. -C 3 F, f -C 4 F 0 , -CgJf lt , -C 6 r 11# -C 7 F 7B , - 

J C B F l7 , -C 9 F l9/ -C X0 F al , -C^F,,, -C 12 F a5 . -C 15 F 27 , -CF a H, -C,F 4 H, - 

jjj C 4 F 6 K, and -CF,f!FHC!F a • 

Q% The fluoroalkyl-containing monomer is preferably 

fU selected from the group consisting of compounds 

20 represented by formulae (VI) to (VIII): 



A, 

CH^=AcO-(CH2) n — (CF^m-P (VI) 
O 



X 

CH 



|j=AcO— (CH2) n — (CF2) m -H CYI I ) 

o 



X 

CHj=CCO— (CH2) n — (CF^m-CFHCFs 
O 



<VIII) 
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wherein 

n Is 1 or more; and 
n is 1 to 20. 

Specific examples of f luoroalkyl-containing 
5 monomers include trif luoroftthy L methacrylate, 
heptadecaf luorodecyl methacrylate , 2,2,3,3- 

tetraf luoropropyl methacrylate , 2,2,3,4,4,4- 

hexafluorobutyl methacrylate, and perfluorooetylethyl 
methacrylate . 

10 The fluornal ley! -containing resin emulsion particles 

have Lhe above properties, and tho fundamental structure 
as resin emulsion particles other than the above 
properties iaay be the same as that of the above- 
described resin emulsion particles* 

1 s e_i Res in emulsion particles — cfipnfrl s of — forming 

chelate 

According to a preferred embodiment of the present 
invention/ the ink composition contains resin emulsion 
fy particles termed of a polymer having a ligand structure, 

20 which can combine with a metal ion to form a chelate, 
and, upon combining with the metal ion to form a chelate, 
O can form coagulate- Since the ink composition according 

^ to the present invention contains this type of resin 

!s emulsion particles, the colorant and the resin emulsion 

Q 25 particles are left on th« surface of the recording 

W medium and, In addition, are strongly fixed onto the 

surface of the recording medium. This can realize good 
images possessing rubbing /scratch resistance. Although 
the reason why this effect can be attained has? not been 
30 fully elucidated yet, it is believed that the resin 
emulsion particles are formed of a polymer that has a 
ligand structure, which, together with a metal ion, can 
forra a chelate, and, when combined with the metal ion to 
form a chelate, nnn form coagulate- Thererore, the 
35 contact of the Lesia emulsion particles with the 
reaction solution containing a jn«t.al ion is expected to 
significantly accelerate Lhe formation of coagulate. 
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According to the pr sent invention, the "ligand 
structure which/ together with a metal ion, can form a 
chelate" possessed by the r sin emulsion particles 
refers to a structure auch that a plurality of atoms 
S capable of feeding electrons for forming a coordination 
bond are present at suitable spacinga and, as a result, 
can sandwich a metal ion therebetween to form a metal 
chelate compound. 

According to a preferred embodiment of the present 
10 invention, examples of preferred "ligand structures- 
include p-diketone, polyamine, iminodiacetic acid, 
sarcoeine, ethanolamino arid, glycine, xauthoqenic acid, 
amidoxime, amine, pyridine, imidazole, phosphonie acid, 
phosphinic acid, phosphoric acid, schlff base, uxime, 
IS hydroxame, aminopolycaxboxylic acid, thiol, 

polythioalcohol, 2 -pyrrol idone, and 2-oxazolldone 
structures. 

Further, according to a specific embodiment of the 
present invention, the "liqaud structure, which can 
W 20 combine with the metal ion to form a chelate," is 

represented, tor example, by the following formulas 

O 

ill 

i hi 

m 

p wherein 

fU j» represents a polymer structure portioni and 

25 r represents an alkyl group, preferably a C,. ao 

alkyl' group, more preferably a c w , alkyl group, most 
preferably a methyl group, or an aryl group, for example, 
a phenyl, naphthyl, or tolyl group. 

A possible structure of a metal chelate formed by 
30 the ligand structure represented by the above formula 
and, for example, a divalent metal ie considered to be 
represented by formula: 
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H-C-R 
V 
R— C— CH=C p 

wherein 

Mt represents a divalent metal? and 
p and R are ae defined above - 
5 According to a preferred embodiment of the present 

invention, monomers which are comonomers of polymers 
having a ligand structure capable of combining with a 
jU iueL<il~ion to form a chelate and monomers having a ligand 

2 structure capable ot combining with a metal ion to form 

J 10 a chelate include 2-acetacetoxycthyl methacrylate, 

CH methacryloyl acetone, methacryioyldiacetylmethane r 4- 

fU ( 1 , 3-dioxypenLy 1 )phenyl-4- ( 6-acxyloyloxyhoxyloxy ) 

benzoate, acryloyl acetyl acetone , diethyl 
acryloylmalonate, diethyl methacryloylmalonate, and 2- 
O IS (mcthacryloxy) ethyl acetate. 

^ The resin emulsion particles capable of forming a 

JS chelate have the above properties, and the fundamental 

O structure as resin emulsion parLicles other than the 

ft* above properties may be the same ae that of the above- 

20 described resin emulsion particles, 
sggafififcacing agent 
According to a preferred embodiment of the present 
Invention, the ink composition according to the present, 
invention contains a sequestering agent, in particular, 
25 the sequestering agent is preferably used when the resin 
emulsion particles capable of forming a chelate are used. 
According to the present invention, the sequestering 
agent, refers to a compound which can rapidly combine 
wit.h a divalent or higher metal ion Lo form a stable 
3 0 water-soluble chelate. 
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The sequestering agent, can ffectlvely capture 
metal ions as impurlti s in Lhe ink composition. As a 
result, the storag stability of tn« ink composition can 
be improved, and, in addition, nozzle clogging can be 
effectively prevented. According to a preierred 
embodiment of ttm present invention, the amount of the 
water-soluble sequestering agent added is in the range 
of 0.0001 to 5% by weight, more preferably in the range 
of 0.01 to 0.1% by weight. 

According to a preferred embodiment of the present 
invention, in the production of the ink composition, the 
sequestering agent is mixed with other ingredients prior 
to the addition ot the resin emulsion particles. This 
permits metal ions as impurities to be effectively 
l-a 15 captured. 

Q Examples of sequoetering agents usable in the 

5 present invention include eUiylenediaminetetraacctic 

U acid, iminodiacetic acid, nitriloaoetl^ acid, 

fU dicthy lenetr iaminepent aacat 1 e acid , 

g 20 triethylenetetraminehexaacetic acid, eyclohexane-1,2- 

^ diaminctetraacetic aoid, N ~ 

Q hydroxyethylethyleaediaminetriacetio acid, ethylene 

\*. glycol diethyl ether amine tetraacetic acid, 

f| ethylenedlamlnetetLapropionic acid, pyrophosphorio acid, 

Q 25 and triphosphoric aoid. 

A WatPr. wate r-fi ninhlB mjjAnlg solvent, and Other 

1ngrf?di«ntB 

The solvent for the ink composition used in the 
method according to the present invention is composed 
mainly of water and a wat.«r-soluble organic solvent. 

According to a preferred embodiment of the present 
invention, the ink composition used in the present 
invention further contains a wetting agent comprising a 
high-boiling organic solvent. Examples ot preferred 
35 high-boiling organic solvents include: polyhydric 
alcohols, such as ethylene glycol, diethyls glycol, 
triethylenn glycol, polyethylene qlycol, polypropylene 
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glycol, propylene glycol, butyl ene glycol, 1,2,6- 
hexanetriol, thioglycol. hexyleue glycol, glycerin, 
trimethylolethane, and trimethylolpropanej allcyl ethers 
of polyhydrio alcohols, suuli «& ethylene glycol 
5 monoethyl ether, ethylene glycol monobutyl Ather, 
dietbylene glycol monomethyl ether, diethylene glycol 
monoethyl ether, diethylene glycol monobutyl ether, 
triethylone glycol monomethyl ether, trlethylene qlycol 
monoethyl ether, and trlethylene glycol monobutyl ether; 
10 urea; 2-pyrrolidone and R-methyl -2-pyrrolidone; 1,3-di- 
me thyi-2-imidazolldinone5 and triethanolaminc. 

Among them, the utilization ot water-soluble 
organic solvents having a boiling point or 180"C or above 
is prefer-ied. The use of wator-soluble organic ro I vents 
U is having a boiling point of 180 W C or above can imparc water 

0 retention and wetting properties to the ink composition. 
Jd Ab a result, storage of the ink composition for a long 
K period of Lime neither causes coagulation of colorant 
h nor an increase in ths viscosity of the ink composition, 
jjj 20 Thus, excellent storaqe stability can b© realized. 

1 Further, an ink composition can be realized which, even 
when allowed to stand in an open state, that is, when 
allowed to stand in contact with air at room temperature, 
can maintain the fluidity and the redispersibility for a 

25 long period of timo, and, in addition, when used in ink 
jet recording, does not cause cloqging of nozsles during 
printinq or at the time of restarting after interruption 
of printing, thus offering high ejection stability. 

Examples of water-soluble organic solvents having 
30 a boiling point of 180°C or above include ethylene glycol 
(b.p.s 197°C; tne boiling point being hereinafter 
described within parentheses), propylene glycol (i87"C), 
diethylene glycol (245*0, peiJtamethylene ylycol (242°C), 
trlmethylene glycol (214°C), 2-butene-l,4-dinl (235*C), 
35 2-othyl-l,3-hexanediol (?43°C), 2-methyl-2 , 4-penLanediol 
(iy/°C), N-metuyl-2-pyrrolidone (202°C), l,3-dimethyl-2- 
imidaeolidinone (257-260 w C), 2-pyrrolidone (245°C), 
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glycerin (290°C), tripropylene glycol monomethyl ether 
(243°C), dipropylene glycol monoethyl glycol (198°C), 
dipropylene glycol monomethyl ether <190"C), dipropylene 
glycol (232 P C), triethylene glycol monomethyl ethor 
(249°C), tetraethylene glycol <327°C), triethylene glycol 
(288*0)/ diethylene glycol monobutyl ether (230°C), 
di ethylene glycol monoethyl ether (202°C), and diethylene 
glycol monomethyl ether <194'C). Among these water- 
soluble organic solvents, those having a boiling point 
of 200°C or above are particularly preferred . These 
water-soluble organic solvents may be used alone or as a 
mixture of two or more. 

The water-soluble organic solvent is preferably a 
low-boiling organic colvent. Examples of preferred low- 
15 boiling organic solvents usable herein include methanol, 
ethanol, n-propyl alcohol, iso-propyl alcohol, n-butanoi, 
eec-butanol, tert-hntanol, lso-butanol, and n-pentanol. 
particularly preferred are monohydric alcohols - 
fij The content of the warer-soluble organic solvent ia 

20 preferably about 0.5 to 40% by weight, more preferably 2 
to 20% by weight, based on the ink composition. 

According to a preferred embodiment of the present 
invention, the ink composition tiaed in the method 
according to the present invention contains a saccharide, 
25 a tertiary amine, an alkali hydroxide, or an alginic 
acid derivative. The addition of the saccharide and the 
tertiary amine can impart wetting properties. The 
addition o± the tertiary amine and the alkali hydroxide 
brings about stable dispersion of the colorant and the 
30 rosin emulsion particles in the ink composition. 

Examples of saccharides include monosaccharides, 
dioaoeharidee , oligosaccharides (including 

trisaccharides and tetrasaccharides ) , and 

polysaccharides, and preferred examples thereor include 
3S glucose, mannose, fructose, ilbose, xylose, arabinoee, 
galactose, aldonio aoid, glucitol, sorhlt, maltose, 
cellohiose, lactose, sucrose, trehalose, and maltotriocc. 
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The polysaccharides refer to saccharides in a wide sense 
*nd embrace materials, which widely exist in the natural 
world, such ao alginic acid, a^clodestrin, and 
,*lluiose. Derivatives of these saccharide delude 
5 reducing sugars of the above saccharides (lor example, 
sngar alcohols represented by the gsneral formula 
BOCB,(eBOB).e8,on wherein n is an integer of 2 to 5), 
oxidised sugars (for example, aldonic acid and uronxc 
acid), amino acid, and thiosugars. Sugar alcohols are 
10 particularly preferred, and specific examples thereof 
include maltlLol and sorbit. The content oi the 
aaccharide i. preferably about 0.1 to 40% by wexght, 
more preferably about 1 to 30% by weight. 

Examples of tertiary amines include Lrimethylamine, 
15 triethylamine. methanol amine, di^ethylethaaolamin* 
diethylethanolamine, triiflopropenol amine, and 

butyldiethanol amine. They may be used alone or as a 
mixture of two or more. The amount of the tertiary amine 
added to the ink composition i* preferably about 0.1 to 
20 10% by weight, more preferably 0.5 to 5% by weight. 

Examples of alKali hydroxides include potassium 
hydroxide, sodium hydroxide, and lithium hydroxide, and 
the amount of the alkali hydroxide added to the ink 
composition is preferably about 0.01 to 5% by weight, 
25 more preferably about 0.05 to 3% by weight. 

Examples of preferred alginio acid derivatives 
include alkali metal alginates (for example, sodium salt 
end potassium salt), organic salts of alginio acid (for 
example, triethanolamine salt), and ammonium alginate. 
30 The amount ct the alginic acid derivative added to the 
ink composition is preferably about 0.01 to 1% by weight, 
more preferably ahnnt 0.05 to 0.5% by weight. 

Although the reason why the addition of the alginic 
acid derivative can realize good images has not been 
35 tuliy elucidated y«L, the reason io believed to reside 
in that the polyvalent metal salt present xn the 
reaction solution reacts with the alginic acid 
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derivative contained in the ink composition t.o change 
the atat of disp reion of the colorant and consequently 
to accelerate the fixation of the colorant onto th 

recording medium. 
5 The ink composition used in the method according to 

the present invention may further contain a surfactant. 
Examples of suitable surfactants usable herein include 
those described above in eonnoction with the preparation 
of resin emulsion particles. 
10 If necessary/ the ink composition may further 

contain pH adjusters, preservatives, fungicides/ etc. 
from the viewpoint of improvinq the storage stability. 
PrnrtngM o - r »™«*«« nf ink romnnfiiflpn 
Che ink composition according to the present 
- 15 invention may be prepared by dispersing and mixing tne 

J above ingredients together by means of a suitable method. 

i A preferred production process is as follows, a pigment, 

n a polymeric dispersant, and water are first mixed 

together by means of a suitable diepergator (for example, 
|* 20 a ball mill, a sand mill, an attritor, a roll mill, an 

agitaror mill, a Henschel mixer, a colloid mill, an 
Q ultrasonic homogenizer, a jet mill, or an anqmill) to 

[J" prepare a homogeneous pigment dispersion- Subsequently, 

jjj an ink solvent, prepared by satisfactorily mixing water, 

O 25 a water-soluble organic solvent, a saccharide, a pH 

rJ adjustor, a preservative, an antimold and the like 

together to prnpare a solution, adding the resin 
emulsion particles to the solution, and then thoroughly 
stirring the mixture at room temperature by means of a 
30 suitable dlspergator, is gradually added dropwise to the 
pigment dispersion, followed by additional thorough 
stirring. After the thorough stirring, the mixture is 
filtered to removo coarse particles and loreign matter 
causative of nozzle clogging to obtain q oontemplated 
35 ink. composition. 

The reaction solution used in the present invention 
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contain, a rcaetant. The t*rm »r aetant" used herein 
refers to a compound which can break the state ot 
dispersion and/or dissolution of, tor xample, pigment 
particles and/or resin emulsion particles in the ink 
S composition to cause coagulation. Examples ot reactants 
usable herein include polyvalent metal salts, polyaminoe, 
and polyamine derivatives. 

The " polyvalent metal salt usahie in the reaction 
solution is a salt Lhat is constituted by divalent or 
10 higher polyvalent metal ions and anions bonded Lo the 
polyvalent metal ions and is soluble in water. Specific, 
examples of polyvalent motal ions include divalent metal 
iono, such as Ca", Cu* 1 , Ni'\ M<T, *tt\ and Da l \ and 
rrivalent metal ions, such as Al^, Fe'\ and C.r*. Anions 
15 include CI", KO s ", I", Br", ClOr, and CB,COO-- 

Especially, a metal salt constituted by CTa* or ttg 3 
providoc favorable resuJT.fi in terms of two points, pH of 
the reaction solution and the quality of prints. 

Tho concentration of the polyvalent metal salt in 
g 20 the reaction solution may be suitably determined so as 

f to attain the effect of providing good print quality <tnd 

Q preventing clogging. The concentration, however, is 

preferably about 0.1 to 40% by weight, more preferably 
\n about 5 to 25* by weight. 

O 2 5 According to a preferred embodiment ot the present 

W invention, the polyvalent metal salt contained in the 

reaction solution is constituted by dival«nt or higher 
polyvalent metal ions and nitric acid ions or carboxylic 
acid ions bonded to the polyvalent metal ions and is 

30 soluble in water. 

Preferably, the carboxylic acid ions have been 
derived from a saturated aliphatic monocarboxylic acid 
having 1 to 6 carbon atoms or a carbocyclic 
monocarboxylic acid having 1 tn 11 carbon atoms. 

35 Examples of preferred saturated aliphatic monocarboxylic 
acids havinq 1 to C carbon atoms include formic acid, 
acetic acid, propionic acid, butyric acid, isobutyrio 
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acid, valeric acid, isovaleric acid, pivalic acid, and 
hexanoie acid. Among them, formic acid and acetic acid 
are particularly preferred. 

A hydrogen atom(s) on the saturated aliphatic 
5 hydrocarbon group in the monocarboxyl ic acid may be 
substituted by a hydroxy 1 group. Examples of preferred 
substituted carboxyllc acids include lactic acid. 

Examples of preferred carbocyclic monocarboxyl ic 
acids having 6 to 10 carbon atoms include benzoic arid 
10 and naphthoic acid with benzoic acid beinq more 
preferred . 

Polyallylaminoe and polyal.i y I amine derivatives 
usable in the reaction solution are cationic polymers 
which aie soluble in water and can be positively charged 
t 15 in water. Such polymers include, for example, those 

3 represented by the following formulae (IX), (X), and 

3 (XI) s 
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-(-CHa-CH-^- 
NH2 



NH 3 *X 



(IX) 



(X) 



Q. 
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ite .6H2 (XI) 
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wherein X" represents chloride, bromide, iodide, nitrate, 
phosphate, sulfate, acetate or other ions. 

In addition, a copolymer of an allylamine with a 
dial l y I amine and a copolymer of diallylmethylamroonium 
chloride with sulfur dioxide may also be used. 

The content of the polyallylamine and the 
polyallylamine derivative ie preferably 0.5 to 10% by 
weight based on the reaction solution. 

According to a preferred embodiment of the present 
invention, the reaction solution may further contain a 
poiyol in addition tu Llie polyvalent metal oalt> The 
polyol has a vapor pressure of not more than 0.0 1 mmHg 
at 20 8 C, and the amount of the polyol add«d is such that 
the weight ratio of the polyol to tlm polyvalent metal 
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salt is not less than 1, preferably 1.0 to 5.0. Further, 
according to a preferred embodiment of the present 
invention, Lhe amount of the polyol added is not less 
then 10% by weight, wore preferably about 10 to 30% by 
weight, based on the reaction solution. 

Specific examples of preferred polyols usable 
herein include polyhydric alcohole, for example, 
qlycerin, diethylone glycol, triethylene glycol, 1,5- 
pentanediol, and 1 ,4-buLanediol. Further specific 
examples of preferred polyols include saccharides, for 
example, monosaccharides, disacohar idee , 

oligosaccharides including trisaccharides and 
tetrasaochar ides,, and other polysaccharides, preferably 
glucose, mannose, fructose, ribosc, xylose, arab.inose, 
galactose, aldonic acid, glncitol, sorbitol, maltose, 
cellobiose. lactose, sucrose, trehalose, and maltotriose. 

These polyols may be artried alone or as a mixture 
of two or more. When the polyols are added as a mixture 
ol two or more, the amount of these polyols added is 
suoh that the weight ratio of the total amount of the 
polyols to the polyvalent metal salt is not less than 1. 
p According to a preferred embodiment of the present 

invention, the reaction solution comprises a wetting 
yj agent comprising a high-boilinq organic solvent. The 

p 2b high-boilinq organic solvent functions to prevent the 

reaction solution from drying out. Examples of preferred 
high-boiling organic solvents usable herein, some ot 
which are described above in eonnRCtlon With the polyol, 
include t polyhydrlc alcohols, such as ethylene glycol, 
dlethylene glycol, triethylene glycol, polyethylene 
glycol, polypropylene glycol, propylene glycol, bntylene 
glycol, 1,2,6-hexanetriol, thioglycol, hexylene glycol, 
glycerin, trimethyloiethane, and trimethyiolpropane, 
alkyl eLhers of polyhydrio alcohols, surh as ethylene 
35 glycol monoethyl ether, ethylene glycol monobutyl ether, 
diethylene glycol monomethyl ether, diethylene glycol 
monoethyl ether, diethylene glycol monobutyl ether, 
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triethylene glycol monomethyl ether, triethyl nc glycol 
monuethyl ether, and triethylene glycol monnhiityl etner; 
urea; 2-pyrrolidone; N-merhyl-2-pyrrolidonef 1,3- 
d ljnexhy 1- 2 - luildazol Id inone } and t r iet hann 1 ami ne . 

5 According to a preferred embodiment vL the present 
invention, the reaction solution contains triethylene 
glycol monobutyl ether and glycerin in combination. 

Although the amount of the high-boiling organic 
solvent added is not particularly limited, it is 
10 preferably about 0.5 to 40% by weight, more preferably 
about 2 to 20% by weight, based on thR reaction solution. 

According to a preferred embodiment of the present 
invention, the reaction solution further contains a low- 
boiling organic solvent. Examples of preferred low- 
Si 15 boiling organic solvents usable herein include methanol, 
ctbanol, zi-propyl alcohol, iso-propyl alcohol, n-butanol, 
sec-butanol, tert-butanol, iso-butanol, and n-pentanol. 
Particularly preferred ares monoftydric alcohols. The low- 
boiling organic solvent has the effect of shortening the 
20 time required for drying ink- The amount of the low- 
boiling organic solvent added is preferably in the range 
of 0.5 to 10% by weight, more preferably in the range of 
1.5 to fi% by weight. 
r£l According to a preferred embodiment ot the present 
25 invention, the reaction solution further contains a 
penetrating agent. Penetrating agents usahle herein 
include various surtactants, such as anionic, cationic, 
and amphoteric surfactants; alcohols/ such as methanol/ 
ethanol/ and ieo-propyl alcohol; and lower alkyl ethers 
30 of polyhydric alcohols, such as ethylene glycol 
monomethyl ethor, diethylene glycol monoethyl ether, 
diethylene glycol monobutyl ether, triethylene glycol 
monobutyl ether # propylene glycol monobutyl ether, and 
rii propylene glycol monobutyl ether. 
35 More preferred penetrating agents usablfi in tne 
present invention are compounds represented by formula 
(XID arid/ur lower alcohol ethcrc of polyhydric alcohols. 
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R* R2 

R 3 — C — C = C — C — R 4 
I I 

0 0 

CB« CHo 

1 I 
CH 2 CH 2 

0 0 
H H 

wherein 0 ^ m + n £ 50 and R 1 , K 2 , R 3 , and R 4 each 
5 independently represent an alkyl group. 
2 Specific examples of representative compounds 

represented by formula (XII) include olfine y, Surrynol 
£R 82, Surfynol 440, Snrfynol 465, and Surfynol 48S (all 

the above products being manufactured by Air Products 
10 and Chemicals Inc.)- ^n^Y be used ** :Lone or in 

combination of two or more. 

According to a preferred embodiment of the present 
invention, the reaction solution contains 

m triethanolaminc for pH adjustment purposes. The amount 

Q 15 of the triAt.hanolamine added is preferably about 0 to 

ITU 

2.0% by weight. 

A method may also be used wherein a colored 
colorant described above in connection with the ink 
composition is added to the reaction solution to color 
20 the reaction solution which can function also as an ink 
composition. 

According to a preferred embodiment of the present 
invention, the reaetion solution comprises catlonic 
inorganic line particles «*nd/or fine particles of a 
23 cat ionic polymer ao the react ant. 

In the present invention, the cationic inorganic 
fine paj. tides refer to fine particles whinh have been 
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cationiz d by treating inorganio fine particles by 
various a thods. A ep cific example t a preferred 
treatment m thod Is to hydrate inorganic fine particles 
or to treat inorganic fine particles with a cationic 
5 material to cationize the inorganic fine particles, 
specific examples of the method, wherein inorganic fine 
particles are treated with a cationic material to 
r.ationize the inorganic fine particles, include a method 
wherein the eurface of inorganic fine particles is 
10 treated with a cationic material, and a method wherein 
inorganic fine particles are dispersed and stabilised by 

a cations r. material. 

Fine particles of various inorganic materials may 
bo used as the inorganic fine particles, and specific 
IS preferred examples thereof include inorganic colloid 
particles. The inorganic colloid particles refer to 
those that have a diameter in the range of about 1 to 
500 nm and comprise about 10 s to 10" atoms. The inorganic 
colloid particles are diapereod in a liquid using the 
U 2 0 liquid as a dispersant to form a colloid solution. 

a specific examples of inorganic fine particles include 

F silica (including noncrystalline or amorphous silica), 

ry colloidal silica, silicic anhydride, hydrous silicic 

m acid , finely divided silica, silica gel, alumina, 

° 25 boehmite, pseudo-boehmite, aluminum hydroxide, calcium 

' J silica Le, aluminum silicate, barium sulfate, alumina sol, 

calcium carbonate, and silicic acids called white carbon 
or the like. Specific examples of preferred inorganic 
colloid particles include colloidal silica and alumina. 
30 Specific examples of cationic materials include 

alumina sols (also called alumina hydrate), basic 
aluminum nhlorides, cationic surfactants, and polycation 
compounds . 

Specific examples uX cationic surfactants include: 
35 primary fatty amine salts; secondary fatty amine salts; 
tertiary fatty amine salts; and quaternary ammonium 
salts, such ae tetraalkylammonium salts, 
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trialkylbenzylammoniura salts, alky lpyridini urn sails, 2- 
allcyl-l-alkyl-l-bydroxyethyllmidazollniuni salts, H,M- 
dialkylmorpholinium salto, poly thylenepolyamine tatty 
aoid amide salts, salts of urea condensates of 
$ polyethylenepulyamine fatty acid amidee, and quaternary 
ammonium salts of urea condensates of 
polyethylenepolyamine ratty acid amides. 

Specific examples of polycation compounds include 
poly amines, polyamine derivatives, polyamincsulfone, and 
10 polyaminesulfone derivatives. 

The average primary particle diameter of eationic 
lnorqaiilc fine particles io in the range of 0.3 to 200 
nm, preferably in the range or 1 to 100 no, more 
preferably in the range of 1 to 50 nm. When the average 
15 primary particle diameter of eationic inorganic fine 
particles is in the above defined range, the colorant 
component of the ink composition can be firmly £ixed 
onto recording media. 

Specific examples of preferrnd eationic inorganic 
20 fine particles include alumina sols and eationic 
colloidal silicas. Commercially available alumina sols 
may be used, and specific examples thereof include 
H; Cataloid AQ-3 (manufactured by catalysts and chemicals 

industries Co., Ltd.; primary particle diameter about 10 
25 nm), Aluminasol 100 (manufactured by Nissan Chemical 
Industries Ltd.), Alwninasol 200 (manufactured by Nissan 
Chemical Industries Ltd.), and Aluminasol 520 
(manufactured by Nissan Chemical industries Ltd. ) . 

Commercially available eationic colloidal silica 
30 may be used, and specific examples thereof include 
Snowtex UP-AK (manufactured by Nissan Chemical 
Industries Ltd.; primary particle diameter 10 to 20 nm) , 
Snowtex AK (manufactured by Nissan Chemical industries 
Ltd.; primary particle diameter 10 to 20 nm) , and 
35 Cataloid SN (manufactured by catalysts and Chemicals 
industries Co., Ltd.; primary particle diameter 40 to 50 
nm) . 
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Fine particles of a cationic polym r may be those 
produced by various methods. Preferred production 
methods include a method wherein fine part* c Lee of a 
polymer are treated with a cationic material to 
S eationize the fine particles, end a method wherein a 
cationic monomer ie polymerised- Specific examples of 
the method, wherein fine particles of a polymer are 
treated with a cationic material to eationize the fine 
particles, include a method wherein the ourface of fine 
10 particles of a polymer is treated with a cationic 
material, and a method wherein fine particles of a 
polymer are dispersed and stabilized by a car.ionlc 
material. The cationic matRrial may be the same as that 
described above in connection with the cationic 
?Z 15 inorganic fine particles. 

g The average primary particle diameter of the fine 

m particles of a cationic polymer is in the tange of 0.1 

¥■ to 200 nm r preferably in the range of 1 to 100 nm. When 

the average primary particle diameter of cationic 
20 inorganic fine particles is in the above range, the 
colorant component of the ink composition can be firmly 
fixed onto recording media. 

Tine particles of a polymer may be those 
eyntheeized by various methods. Specific examples of 
25 fine particles of a polymer are those formfid of a 
polymer selected from the group consistinq of acrylic 
resins, polyester resins, epoxy reeine, styrene- 
butadiene copolymers, polybut.adienes , polyolefins , 
polystyrenes, polyamides, ethylene- vinyl acetate 
30 copolymers, polys iloxanoc , and polyurethanes , preferably 
selected frnm the group consisting of acrylic resins, 
polyester resins, polyamides, polys iioxanes, and 
polyturethanes . 

in the present invention, fine particles formed of 
35 a polymer produced by polymerizing a cationic monomer 
may be used as the fine particles of a cationic polym«r. 
A preferred cationic monomer is a monomer represented by 
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formula (A) . Fine particles of a cationie polymer can be 
pr duced by cop lymerlzlng Lne monomer represent ad by 
formula (A) with a vinyl monomer. Monomers represented 
by formula (A) and vinyl monomers may be conventional 
5 ones disclosed in Japanese Patent Laid-open no. 
99632/1997. Therefore, specific examples of these 
monomers, copolymerization methods and the like may be 
the same as those described in the above publication. 

f f 

CH a — c — co — x — ta*- R 4 - yr (*> 

10 wherein 

R l represents a hydrogen atom or a methyl group? 
jU X represents an oxygen atom or an NH qroup? 

O K * and lO each independently represent a straight- 

9 chain or branched alkyl group having 1 to 4 carbon 

gl 1 5 atoms ; 

W r 4 represents a hydrogen atom or an optionally 

substituted straight-chain or branched alkyl group 
having 1 to 4 carbon atoms; 

n is an integer of 2 Lo 5; and 
20 Y~ represento a salt forming anion. 

Tn the present invention, the content of the 
catiunic inorganic fine particles and/or the fine 
particles of a cationie polymer is in the range of 0-1 
to 30% by weight, preferably in the range of 1 to 20% by 
25 weight, based on the totai amount of th* reaction 

solution . 

ftppi^n^ione of recording method 

The recording method according to the present 
invention may be used for providing text information, 
30 image information, or desiqn un a recording medium, 
preferably a non-absorptive recording medium, that is, 
may be used, for example, in recording, printing, 
coating , oi dying . More opocif ically , the recording 
method may be us«d in: recording or printing of, for 
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example, text information, image information, r design 
information on induotrial products, signboards, or 
display p3at.es j coating for use in int rior or exterior 
decoration of building articles and industrial products; 
5 and dyeing of fibers. 

Further, according to the recording method of the 
present invention, printing may be performed on various 
recording media. specific examples of recording media 
include industrial products, industrial articles, 
10 domestic electric appliances, articles for buildings, 
rurniture, tableware, aircrafts, vehicles, snips, cards, 
packaging containers, medical supplies or devices, 
clothing, boots or shoes, bags, office supplies, 
stationery, toys, signs, and fibers. More specifically, 
t 15 printing may be performed, for example, on labels of 

j=j compact disks (CD) , wall surfaces, building articles, 

m suen as buildinq materials, displays, for example, tor 

f 1 electria power supplies and switches, wall papers, 

fX umbrellas, tents, swimming suits, rubber pools, vinyl 

20 pools, footgears, such as boots and shoes, qlasses, 
eartnenware, porcelains, tableware, IEPRA, surfboards, 
ships (for example, motorboats, fishing boats, and 
tankers), vehicles (passenger cars, buses, and trucks), 
railways or railroad (for example, electric railcars and 
25 rails), airnrafts (for example, passenger airplanes, 
fiqhLer planes, Cessna, and gliders), ski goods (for 
example, skis, ski sticks, ski boots, and skiweare), 
snowboard goods (for example, snowboards and wears), 
diving goods (for exampLe, wet suits, aqualung, snorkels, 
30 weights, and fins), suitcases, furniture (for example, 
desks, tables, and chairs), medical instruments (for 
example, syringes, catheters, and containers for drips), 
cans (for example, designs and indication of contents), 
watches and clOCKS (for example, clockfaces and dcoigns), 
35 aomestlw electric appliances (for example, tftl evasions , 
refrigerators, radios, personal computers, cassette tape 
recorders, CD players, and vacuum cleaners), bar codes, 
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card products, for- example, various member's cards, 
prepaid cards (such as Teleca (prepaid telephone cards), 
Highca (highway cards)/ Orange Card, and Creca (credit 
telephone cards)), credit cards, and bank cards, nail 
arts, duurplates, toys, dolls, and mannequins . These 
recording media 1s examples of the recording media 
usable in the present invention, and the present 
invention is not limited to these recording media only. 
Becoming appmaLae 

The recording apparatus accorrilng to the present 
invention will be described with reference to the 
accompanying drawings. 

The construction of the recording apparatus 
according to the proeent invention win be described 
with reference to Fig- 1. A recording medium is 
O transferred from a supply source 1 housing recording 

media to the step ot printing wherein an ink jet 
recording mechanism 2 is used. A reaction solution and 
an ink composition are ejected from a recording head 
W 20 provided in the ink jet recording mechanism 2 onto the 

°~ surface of the recording medium to form a print layer 3 

Q on tne surface of the recording medium. The recording 

£■ head comprises reaction solution ejection nozzles and 

jjj ink composition ejection nozzles (not shown). The 

O 25 recording medium with the print layer 3 formed thereon 

fU i 8 transferred to the step of washing, and is washed 

with a polar solvent by means of a washing mechanism 4. 
The washing mechanism 4 is provided with means (not 
Shown) £ur recovering and separating washings- After 
30 washing, the recording medium is transferred to the step 
of drying. The recording medium is dried by means of a 
drying meohanism 5. The drying mechanism 5 may be of 
either a type such that the drying mechanism S is 
brought into contact with the recording medium to heat 
35 the recording medium, or a type such that heating is 
carried out, without contact with the recording medium, 
for example, by applying an infrared radiation or the 
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like or by blowing hot air. After drying, the recordinq 
medium is received as a product in a product receiver 6. 
in the recording apparatus, rolls shown in the drawing, 
conveyors (not shown) or the like are used as recording 
5 medium carrying means. The recording apparatus according 
to the present invention can realize real imaqe printing, 
mirror image printing, or a combination of real image 
printing with mirror image printing- 

One embodiment of Lhe recording apparatus according 
10 to Lhe present invention is shown in Fig- 2. in Figs. 1 
and 2, like parts such as the mechanism are identified 
with the same reference numerals. 

A PET film is transferred from a PET film roll 11 
no rhe step of printing wherein an ink jet recording 
U 15 mechanism 2 is used- A reaction solution and an ink 

O composition are ejected from a recording head provided 

in the ink jet recording mechanism 2 onto the surface of 
thft pkt film to form a print layer 3 on the surface of 
the PET film. The PET film with the print layer 3 formed 
thereon is passed through a support table 12, and is 
transferred to the step of washing. The PET film with 
the print layer 3 formed thereon is washed with a polar 
solvent by means of a washing mechanism 4. Arter washing, 
the PKT film is transferred to the step of drying. The 
PET film is dried by means of a drying mechanism 5. 
After drying, the PET film is wound as a printed PET 
film product on a roll 13. The recording apparatus 
according to the present invention can provide PET films, 
on which real imaqe printing, mirror image printing, or 
30 a combination of real image printing with mirror image 
printing has been performed, as products. 

B XAMPl.KS 

The present invention ie further illustrated by the 
35 following examples, which are intended to be 
illustrative and not to be limiting the scope of the 
present invention. 
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Example A 

greparaUnn qC x es i n mrnlftlon ft . 
Fonln PTnulsipn 1 

To a flaBk. tsquipped with a stirrer , a thermometer r 
5 a reflux condenser, and a dropping funnel were added 100 
ml of distilled water and 0,1 g of potassium persulfate. 
The flask was heated to raise the internal temperature 
of the flask to 70°c while replacing the air in the flask 
by nitrogen with stirring. separately, 100 ral of 
10 distilled water, 1-0 g of sodium dodecylbenzenesullonate, 
30 g of styx tine, 55 g of 2-ethylhcxyl aery late, and 5 g 
of mcthacrylie acid were mixed Together with aLirrinq to 
prepare an emulsion- The emulsion was gradually added 
dropwise to the contents of the fla«V through the 
M, is dropping funnel . The emulsion was cuoled to room 

5 temperature, was filtered through a 0.4-pin filter, and 

H was then diluted with distilled water to a resin 

m emulsion concentration of 30% . The emulsion had a 

fU minimum film-forming temperature of about 20°C# and had a 

W 20 property such that, upon mixing with a reaction solution 

1 or 2 described below, coagulate is formed - 

O Rffffin saoul&iQP 2 

To a flask equipped with a stirrer, a thermometer, 
a reflux condense*, and a dropping funnel wore added 100 
Q 25 ml of diotilled water and 0.1 g of potassium persulfate. 

W The flask was heated to ia±se the internal temperature 

of the flask to 70°C while replacing the air in thfc flask 
by nitrogen with stirring. SepaiaLely, 100 ml of 
distilled water, 1.0 g of sodium dodecylbenaenesnlf nnate, 
3 0 50 g of styrene, 35 g of 2-ethylhexyl acrylate, and 5 g 
of methacrylic acid were mixed together with stirring to 
prepare an emulsion- The emulsion was gradually added 
dropwise to the conLencs of the flask through the 
dropping funnel. The emulsion was cooled to room 
35 temperature, was filtered through a 0.4-ma filter, and 
was then diluted with distilled water to a resin 
Aimilslon concentration of 30%. The emulsion had a 
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minimum film- forming temperature f about 60°C, and had a 
property such that, upon mixing with a reaction solution 
1 or 2 described bel w f coagulate is form d, 
Preparati on of inlr nnmnos iTiion A 
b ink compositions composed of the following 

ingredients were prepared according to the fol Lowing 
procedure. 

The pigment, the diaper sant, and a part of water 
were mixed together , and the mixture, together with 
10 glass heads ( diameters 1-7 mm, amounts 1.5 times (by 
weight) larger than the mixture), was dispersed for 2 hr 
in a sand mill (manufactured by Yaeukawa Seisakusho) - 
Thereafter, the glass* heads were removed to prepare a 
dispersion ul the pigment. 
H 8 15 separately, all the above ingredients except for 

the pigment, the dispersant and the part of water used 
in the preparation of the carbon blade dispersion were 
CP mixed together to prepare an ink solvent. The ink 

solvent was gradually added dropwisfi to the pigment 
20 dispersion while stirring the pigment dispersion. Tho 
m mixture was stirred at room temperature for 20 min, and 

P the mixture was then filtered through a 5-fim membrane 

J filter to prepare an ink composition for ink jet 

Iff recording • 

a 25 inK spmpsjaLLLloii 1 

By Carbon Black MA 7 (manufactured by 

Mitsubishi chemical Corporation) 5 wt% 

Styrcnc/ acrylic acid copolymer (difipersant) 1 wt% 
Resin emulsion l 10 wt% 

30 (as concentration of resin emulsion particles) 

Glycerin 10 «* % 

ion-exchanqed water Balance 

ink composition ? 
Carbon Black MA 7 (manufactured by 

35 Mitsubishi Chemical Corporation) 5 wt% 
Styrene/ acrylic acid copolymer (dispcr&ant) 1 wt% 

Resin emulsion ? 10 
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(a© concentration of res.in emulsion particles) 
Glycerin 10 vt% 

Ion-exchanged water Balance 
ink f?ompQBitiqn 3 
b C.I. Figment Black 1 1 

Styrene/ acrylic acid copolymer (dispersant) 1 wU 
Glycerin 15 wt% 

Ion-exchanged water Balance 
color ink set_A 

10 A color ink set comprising a combination of the 

following Ink compositions having the following 
compositions was prepared* 

Color * nlr 1 

Cyan ink 1 

IM 5 15 C.I. Pigment Cyan 15 t 3 2 wt* 

y sryrene/acrylic acid copolymer (dispereant) 1 wt% 

J Resin emulsion 1 1° wt * 

(as concentration of resin emulsion particles) 



y ni^hvlrnc olvcol 10 wt% 



I 5 ! 



Diethylcno glycol 
20 inn-exchanged water Balance 

P C-I. Pigment Red 122 3 wt% 

P Styrene/aerylic acid copolymer (dispersant) 1 wt% 

ifl Resin emulsion 1 20 wt% 

Q 25 (as concentration of resin emulsion particles) 

fy Glycerin 5 wl% 

Diethylene qlycol 5 wt% 

Ion- exchanged water Balance 
Yp11ratf ink 1 

30 C.I. Pigment Yellow 74 3-* vt% 

Styrene/ acrylic acid copolymer (dispersant) 1 wt% 
Resin emulsion 1 1b wt* 

(as rnncentration of resin emulsion p«LLicles) 
Glycerin 8 wt* 

35 Ion-exchanged water Balance 

Cglur ink aefc-2 
Cyan ink 2 
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C.I- Pigment Cyan 15 c 3 2 vt% 

Styrene/acrylic acid cop lymcr (dispersant) 1 wt% 

R sin emulsion 2 10 *t% 
(as concentration of resin emulsion particles) 

5 Diethylene glycol 10 wt* 

lon-axnhanged water Balance 
Mftgfinfcfl ink 2 

C,I. Pigment Hed 122 3 wt% 

Styrene/acrylic acid copolymer (dispersant) 1 vt* 

10 Reein emulsion 2 20 wL% 
(as concentration of resin emulsion particles) 

Clyoerin 5 wt% 

Diernyiene glycol 5 vt% 

Ion-exchanged water Balance 
* 15 YpI low ink 2 

3 C.I . Pigment yellow 74 3 ■ * W^* 

styrene/ acrylic acid copolymer (dispersant) 1 wtl 

Resin emulsion 2 15 
HJ (as concentration of resin emulsion particles) 

£7 20 Glycerin 8 wt% 

„ Ion-exchanged watftr Balance 

O r»1r,r ink set 3 

Jr; Oyan ink ft 

|S PiqmeuL: KET BLUB EX-1 (manufactured by 

Q 25 Dainippon Ink and Chemicals, Tnc.) 3 wt% 

fU styrene/acrylic acid copolymer (dispersant) 1 wt% 

Clyoerin *° 

lon-fcxchanged water Balance 
Magenta 'ink 3 
30 pigment: ket Red 309 (manuiaccured by 

Dainippon ink and Chemicals, Xno.) 4 wt% 
Styrene/acrylic: acid copolymer (dispersant) 1 wt% 

Diethylene glycol 15 

Ion-exchanged wat*r Balance 

35 YftllPW Ink 3 

Pigment 1 KET yellow 403 (manufactured by 

Dainippon ink and Chemicals, Inc.) 3 wt% 
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Styrene/ acrylic acid copolymer (diepersant) 1 wt% 
Diethyl ne glycol 10 wt% 

I on-exchanged water Balance 

Preparation nt rftflGtion solution^ 

5 A reaction solution A was prepared according to the 

following formulation. 

HMrrAan solution JL 
Magnesium nitrate hajcahydrate 25 wt% 

Triethylftne glycol monobutyl ether 10 wt% 

10 Glycerin 10 wfc% 

Ion-ex«hanged water Balance 

SaBEflgtlan ffolutiqn 2 
polyallylaminft PAA-HCL-3L (resin component 50%, 
manufactured by Ilitto Doeeki Co. r Ltd.) 20 wt% 

ju 15 Dicthylene glycol 15 wt% 

Q ion-exchanged water Balance 

fyint evaluation taet A 
m combinations as described in the following Tabic Al 

fy wore provided as examples. ThA following prints to be 

w 20 evaluated were obtained by printing the ink composition 

' and the reaction solution in the Above examples on a PET 

Q film at room temperature under atmospheric pressure by 

means of an ink jet printer MJ-930C manufactured by 
Seiko Epson Corp- in this case, the reacLion solution, 
O 25 the black ink, and the color ink were simultaneously 

W printed at 100* duty on the tfK'J? film. Only prints 

obtained in Examples 1 and 2 and Comparative Example 3 
were washed with water. The unit "duty" used herein 
refers to a unit of a value D defined and calculated by 
30 equation (I) i 

number of actually printed dots 

D - ■ 



longitudinal resolution x transverse resolution 
x 100 (duty) (I) 
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Table hi 



Q 

Q 

m 

CP 



111 



Ex. 1 



EX. 



Comg ■ Ex » 1 



r.omp>Ex, 3 



C!amp.EX» 4 



Reaction 
solution 



Black 
ink 



3_ 
3 



Color 
InK set 



_1_ 
2 



J. 
2 



washing with water 

a fter printing _ 

Done . 



Done 



Not done 



got done 



Done 



Not: done 



Evaluation 1 » Evaluation on fixation ol inks after 
washing with water 
S The printed face of the print waR strongly rubbed 

with a finger to evaluate the fixation of ink according 
to the following criteria. 

Ai The ink was not separated at all* 
B: The ink was slightly ceparated. 
10 C* The ink was completely separated. 

Evaluatio n 2: Evaluation on color bleeding 
The prints were visually inspected for uneven color 
mixing in boundaries of different colore. The results 
were evaluated according to the foD lowing criteria- 
15 As Wo color mixing occurred, and the boundaries 

between adjacent colore were clear. 

Bs Slight color mixinq occurred. 
C: Feather-like color mixing occurred, 
pt Significant color mixing occurred to such an 
20 extent that the boundaries between adjacent colors 
blurred. 

Eval uation Evaluation on fixation of Inks by 

heating 

The prints were heated from the backside by m^ns 
Zb of a heater at 00 C C for S sec. Immediately after the 
heating, the printed face of the prints was strongly 
rubbed with a finger to evaluate the fixation of ink 
according to the following criteria. 

A: The ink was not separated at all. 
30 Bi The ink was slightly separated. 

c: The ink was completely separated- 
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The reeultc of the evaluation tests were as 
summariz d in Tabl A2 below. The results of the 
evaluation on the printing tests are those for printing 
of actual images. The same results were obtained for 
5 printing of mirror images. 





Evaluation 1 


Evaluation 2 


Evaluation 3 


Ex. 1 


A 


A 


A 


Ex . 2 


B 


A 


A 


Camp. Ex. 1 


C 


A 


1 B 


Cojnp-EX. 2 


C 


A 


B 


Comp.Ex. 3 


c 


P 


C 


Comp .Ex . A 


c 


D 


c 



m 
2 
B 



10 



15 



20 



25 



30 



asglu emulsion _1 

to a reaction vessel equipped with a stirrer, a 
reflux condenser, a dropping funnel, a thermometer, and 
a nitrogen inlet tube wer« added 200 ml of distilled 
water and 0.6 q of sodium dodecylbcnsenesulfonate- The 
reaction vooeel was heatftri to raise the internal 
temperature of the reaction vessel to 70 C C with stirring 
in a nitrogen atmosphere, and 2 g of potassium 
P ersulfat« was then added. Separately, 40 g of butyl 
aciylate, 50 g of etyrene, 5 g of acrylamide, 5 q of 
acrylic acid, O.i g of t-dodecy lmercaptan , 5 g of a 
monomer havinq a skeleton with ultraviolet absorbing 
activity, 2- ( 2 ' -hydroxy-S ' -methacryloxyethylphenyl) -2H- 
benzotriazole (RUVA-93, manufactured by Otsuka Chemical 
Co., Ltd.)# and 1 g of a monomer having a skeleton with 
photostatoilizing t^Llvity, 1,2,2,6, S-pentamet hyl -4- 
piperidyl methacrylate (ADK STAB LA-82, manufactured by 
Asahi Dftnka Kogyo Ltd.), were mixed together to prepare 
a solution. This solution was then added dropwise to the 
contents of the reaction vessel. A reaction was further 
allowed to proceed at 70°C for additional 6 hr- The 
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reaction v » 1 was then cooled to room temperature, and 
the P H value of the reaction mixture was adjusted by the 
addition of aqueous ammonia as a neutralising agent, 
followed by filtration Lhrough a 0.4-um filter to 
5 prepare a resin emulsion containing, as dispersed 
particles, line particles of a polymer having in its 
structure sites possessing ultraviolet absorbing 
activity and photostablllzinq activity. 

This resin emulsion had a glass transition point of 
10 20°C, a minimum film-forming temperature of 25'C, a 
surface tension of 57 x 10"' N/m, a contact angle of 89 
degrees, a particle diameter at 0.2 pin, and a half-value 
period in a reaction with Mg 2+ ion of 3800 sec. 
n^ain emulsion 2 
15 A reaction vessel equipped with a stirrer, a retlux 

condenser, a dropping funnel, and a thermometer was 
charged with 900 g of ion-exchanged water. The internal 
temperature uf the reaction vessel was raised to 70"C 
with stirring while replacinq the air in the react 3 on 
20 vessel by nitrogen. While maintaining the inLernal 
temperature at 70"C, 2 g of potassium persulfatc as a 
polymerization initiator was added to and dissolved xn 
the ion-exchanged water, separately, 53 g of styrene, 59 
g of butyl aery late, 48 g of glycidyl methaerylate , 5 q 
25 of a monomer having a skeleton with ultraviolet 
absorbing activity, 2-(2'-hydroxy-5'-metbacryloxyethyl- 
phenyl)-2H-benzotria 2 olft (KUVA-93, manufactured by 
Otsuka Chemical Co., Ltd.), 1 g of a monomer having a 
skeleton with photos tabil i ztng activity, 1,2,2,6,6- 
30 pentamethyl-4-piperidyl methacrylate (ADK STAB LA-82, 
manufactured by Asahi Dcnka Kogyo Ltd.). ™* °- 16 9 «f 
t-dodccylmercaptan as a molecular weiqht modifier were 
added to 70 g u£ ion-exchanged water and 1.0 g of sodium 
laurylsulfate with stirring to prepare an emulsion. This 
35 emulsion was then continuously added dropwise to the 
contonts of the reaction vessel over a period of 1 nr. 
After the completion of the dropwise addition, the 
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mixture vae ripened for one nr. 

Subsequently, an emulsion prepared by adding 79 g 
0 £ styrene, 60 g of butyl acrylate, and 0.16 g of t- 
dodecylmercaptan to 70 q or ion- exchanged water, 1-0 g 
b of sodium laurylsulfate, and 1 g of acrylaiaide with 
Btirring wa* then continuously added dropwise tn the 
contents o£ the reaction vessel over a period of 1 hr. 
Aftor the completion of the dropwise addition, the 
mixture was ripened for one hr. 
10 A solution of 2 g of ammonium persulfate as a 

polymerization initiator in 20 g of ion-e*changed water 
was then added to the contents oi the reaction vessel. 
Further, an emulsion, prepared by adding 298 g of 
styrene, 297 g of butyl acrylate, 29 g of methacrylxc 
15 acid, and 0.65 g of t-dodecylmercaptan to a m«rtur« of 
| 300 q of ion-exchanged water, 2 g o£ sodium 

laurylsulfate, and 16 g of acrylamide with stirring, was 
continuously added dropwise to the contents of the 
reaction vessel over a period o£ 3 hr. After the 
20 completion of the dropwise addition, the mixture was 

ripened for 3 hr- 

The resin emulsion thus obtained was cooled to room 
temperature, and was then adjusted to a solid content of 
40% by weight and pH 8 by the addition of ion-exchanged 
25 water and aqueous ammonia. 

This resin emulsion had a minimum film-forming 
temperature of 24»c, a surface tension of 57 x 3 0" N/m, a 
contact angle of 90 degrees, a particle diameter of 0.09 
nm, and a half-value period in a reaction with Mg s * ion 
30 of 80 sec. 

Bsain am nlaian a 

To a reaction vessel equipped with a stirrer, a 
reflux condenser, a dropping funnel, a thermometer, and 
* nitrogen inlet tube wnre added 200 ml o£ distilled 
35 water and O.b g of sodium dodecylbenscneeulfonate. The 
reaction vessel was heated to raise the iaternal 
temperature of the reaction vessel to 70'C with stirring 
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in a nirrogen atmosphere, and 2 g of potassium 
persulfate was then added. Separately, 40 a of butyl 
acrylats, 50 g of styrene, 5 g of aorylamide, 5 g of 
acrylic acid, 0.1 g of t-dodecylmercaptan, 5 g of a 
monomer having a skeleton with ultraviolet absorbing 
activity. 2_(2 , -hydTOxy-5'-methacryloxyethyiphenyl)-2H- 
benzotriazole (ROVA-93, manufactured by Otsuka Chemical 
Co., Ltd.)* 1 q o£ a monomer having a skeleton with 
photostabilising activity, 1,2, 2,6,6 -pentamethyl-4- 
piperidyl methacrylate (ADK STAB LA-82, manufactured by 
Asahi Denka Kogyo Ltd.), and 2 g of ethylene glycol 
dimethacrylate were mixed together to prepare a solution. 
This solution was then added dropwise to the contents of 
the reaction vessel. A reaction was Xurther allowed to 
£ 15 proceed at 70 8 C Tor additional C hr. The reaction vessel 

§ was then cooled to room temperature, and the pn value of 

i the reaction mixture was adjusted by the addition of 

m agueoue ammonia as a neutralizing agent, followed by 

[V filtration through a O.t-m filter to prepare a resin 

Jj 20 emulsion containing, as dispersed particles, fine 

1 particles of a polymej. having in ito structure sites 

O poe pes sing ultraviolet absorbing activity and 

S pnotostabilizing activity. 

m This resin emulsion had a glass transition point of 

O 25 20°C, a minimum film-forming tempeiauire of 25°c, a 

m surface tension of 58 x 10' 3 K/m, a contact angle of 90 

degrees, a particle diameter of 0.1 urn, and a half- value 
period in a reaction with Mg J+ ion of 70 sec 
bps in emulsion 4 
30 A reaction vessel equipped with a etirrer, a reflux 

condenser, a dropping funnel, and a thermometer was 
charged wjr.h 900 g of ion-exchanged water. The internal 
temperature of the reaction vessel was raised to YQ°c 
with stirring wnlle replacing the air in the reaction 
35 vessel by nitrogen. while maintaining the internal 
temperature at 70°C, 2 g of potassium persulfate as a 
polymerization initiator was added to and dissolved in 
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the ion-exchanged water- Snparateiy, 53 g of styrene, 59 
g o£ butyl acryiat , 48 g of ylycidyl methacrylat*. 5 g 
of a monomer having a ek leton with ultraviolet 
absorbing activity, 2-<2 ' -hydroxy-5 ' -met haeryloxy ethyl - 
phenyl )-2H-benzotriazole (WJVA-93, manufactured by 
Otsuka Chemical Co., Ltd.)* 1 9 of a monomer having a 
skeleton with photos tatoil is ing activity, l,2,2,f>,6- 
pentamethyl-4-piperidyl methanrylate lAUK STAB IA-82, 
manufactured toy Asahi Denka Kogyo Ltd.). 10 g ot 
diethylene glycol dimethacrylatft, and 0.16 q of t- 
dodecylmercaptan as a molecular weight modifier were 
added to 70 g of ion~exchanged water and 1.0 g of sodium 
laurylsulfate with stirring to prepare an emulaion. This 
emulsion was then continuous ly added dropwise to the 
15 contcnte of the reaction vessel over a period of 1 hr. 
Alter the completion of tho dropwise addition, the 
mixture was ripened for one hr. 

Subsequently, an emulaion prepared by adding 79 g 
of styrcne, 80 g of butyl acrylate, and 0.16 g of t- 
W JO dodecylmercaptan to 70 y of ion-exchanged water, 1.0 g 

r ol sodium lauryleulfate, and 1 g of acrylamide with 

stirring was then continuously added dropwise to the 
contents of the reaction vessel ovnr a period of 1 hi. 
After th« completion of the dropwise addition, the 
O 25 mixture was ripened for one hr. 

fy a solution ot 2 g of ammonium persulfate as a 

polymerization initiator in 20 g of ion-exchanged water 
was then added to the contents of the reaction vessel. 
Further, an emulsion, prepared by adding 298 g of 
styrene, 207 g of butyl acrylate, 29 g of methaoxylic 
acid, S g of sodium 2-sulIoethylmethacrylate, and 0.65 g 
of t-dodecyUnercaptan to a mixture ot 300 g of ion- 
exchanged water, 2 g of sodium laurylsulfate, and 16 g 
of acrylamide with stirring, was continuously added 
dropwise to the contents of xhe teaction vessel over a 
period of 3 hr. After the completion of the dropwise 
addition, the mixture was ripened for 3 hi. 
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The reain emulsi n thus obtained was cooled to room 
temperature, and was then adjusted Lo a solid content of 
40% by weight and pH 8 by the addition of ion-exchanged 
water and agueouR ammonia. 
5 This resin emulsion had a minimum film-forming 

temperature of 24 C C, a surface tension of 57 x 10"' W/m, a 
contact angle of 90 decrees, a particle diameter of o.oa 
van, and a half-value period in a reaction wit.n Mg" ion 
of 70 sec. 
10 fl«,s-in «%mii1.3ion 5 

To a reaction vessel equipped with a stirrer, a 
reflux condenser, a dropping funnel, a thermometer, and 
a nitrogen inlet tube were added 200 ml of distilled 
water and 0.6 q of sodium dodccylbenzenesulfonate. The 
- 15 reaction vessel was heated to raise the internal 

3 temperature of the reaction vessel to 70°C with stirring 

in a nitrogen atmosphere, and 2 g of potassium 
persuitate was then added. Separately, 40 g of butyl 
acryiatc, 50 g of styrene, l g or acryiamide, 0.1 g of 
W 20 acrylic acid, and 0.1 g of t-dodecylmercaptan were mixed 

[*. together to prepare a solution. This solution was then 

added rtropwise to the contents of the reaction vessel. A 
reaction was further allowed to proceed at 70 W C for 
additional 6 hr. The reaction vessel was then cooled to 
Q 25 room temperature , and the pH value of the taction 

FU mixture was adjusted by the addition of aqueous ammonia 

as a neutLalizing agent, followed by filtration through 
a 0.4-nm filtor to prepare a resan emulsion containing, 
as dispersed panicles, fine particles of a polymer 
30 having in its structure sites possessing ultraviolet 
absorbing activity and photostabilizing activity. 

This resin emulsion had a glass transition point of 
20'C, a minimum film- forming temperature of 2S°c, a 
surface tension of 35 x KT 1 N/m, a contact angle Of 56 
35 degrees, a particle diameter of 0.2 \im. and a half-value 
period in a reaction with Mg z+ ion of 1 x 10 s sec. 

Rflsln emulsion fi 
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To a reaction vessel equipped with a stirrer 
reflux condenser, a dropping tunn 1, a thermometer, and 
a nitrogen inlet tube were added 200 ml f distilled 
water and 0.6 g of sodium dod«nylben2enesulfoiiate. The 
reaction vessel was heated to raise the internal 
temperature of the reaction veesel to 10"C with stirring 
in a nitrogen atmosphere, and 2 g of potassium 
persulfate voa then added. Separately, 40 g of butyl 
aerylate, 50 g o± fir.yrene, 5 g of acrylamide, 5 g of 
acrylic acid, 0.1 g of t-dodcoylmereaptan, and 6 g or 
ethylene glycol dimeth aerylate were mixed together to 
prepare a solution. This solution was then added 
dropwiee to the content* ot tne reaction vessel, 
reaction was further allowed Lo proceed at 70"C for 
additional 6 hr. The reaction vesseL was then cooled to 
O room temperature, and the pH value of the reaction 

% mixture was adjusted by the addition of aqamna ammonia 

m as a neutralizing agent, followed by filtration through 

jy a 0.4-uun filter to prepare a resin emulsion containing, 

W 20 as dispersed particles, fine particles of a polymer 

, . haviny in its structure sites possessing ultraviolet 

P absorbing activity and photostabiliainq activity. 

Nj This resin emulsion had a surface tension of b8 x 

10" 3 N/m, a contact angle of 91 degrees, a particle 
diameter of 0.1 um, and a half -value period in a 
reaction with Mg J * ion of 30 sbt.. 
Measurement 

In connection with the above preparation, tne glass 
transition point was measured by drying the resin 
emulsion to remove water contained in the resin emulsion 
to form a film and measuring the glass transition points 
with a differential scanning calorimeter (DSC) at a 
temperature rise rate of 10°C/min. Further, in 

connection with the above preparation, the minimum film- 
forming temperature was measured as follows. 
Specifically, a minimum film-forming temperature 
measuring device was set , and, when the temperature 
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gradient on a sample plate mad of aluminum had reached 
ftquilibrium, the resin emulsion as a cample was thinly 
spread on the sample plate to dry the emulsion. Wh«u the 
dried portion on the sample plate was inspected aft r 
S the completion of the drying, it was found that a 
transparent continuous film w*6 formed in the 
temperature region of the minimum film-forming 
temperature or abov*, whereas a white powder was formed 
in the temperature region below the minimum film- forming 
10 temperature. The temperature ot tne boundary between the 
temperature, at which Lhe transparent continuous film 
was formed, and the temperature, at which the white 
powder was formed, was measured and regarded as the 
minimum film-forming temperature. 
15 Brfiparation-Qf tract 1 on BalaUan B 

A reaction solution was prepared according to the 

following formulation. 

Bffagtiwn solutlon-1 

Magnesium nitrate hevahydrate 25 wt% 

20 Triethyiene glycol monobutyl ether 10 **** 

Glycerin 20 wL% 

O Pure water Balance 

polyallylamine represented by formula (I) 25 wt% 

2D Triethylenp glycol monobutyl ether 10 wt% 

Glycerin 20 ^ % 

Pure water Balance 

Ink compositions composed of the following 
30 ingredients shown in Tables Bl and B2 were prepared 
accordinq tu Lhe following procedure. 

The pigment, the dispersant, and a part of water 
were mixed together, and the mixture, together with 
glass beads (diameters 1.7 n»m, amount: i.5 times (by 
35 weight.) larger than the mixture) , was dispersed for 2 hr 
in a sand mill (manufactured by Yasultawa SeisafcuSliO) . 
Thereafter, the glass beads were removed to prepare a 
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dispersion of the piqment. 

Separately, all the above ingredients exc pt lor 
the pigment. , the dispersant and the part of water used 
in the preparation of the carbon black dispersion were 
5 mixed together to prepare an ink solvent. The ink 
solvent was qraiiually added dropwiee to the pigment 
dispersion while stirring the pigment dispersion- The 
mixture was stirred aL room temperature for 20 min- The 
mixture was filtered through a 5-|im membrane timer to 
10 prepare an ink composition ior ink jet recording. 
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Pr ^* egajbiati o p test B 
prlriTlng method 

The recording apparatus according to th present 
invention was used to print yellow, magenta, and cyan 
5 inks in the color inks I and 2 and the yellow inks 2 to 
4, 6 and 7 in combination with the reaction solutions on 
a PET film and an iron plate. After printing, the PET 
film and the iron plate were washed with water. Thus, 
the following prints were formed. 
10 Example Is Prints produced nsing 

solution 1 and the color ink 1. 

Example 2s Prints produced 
solution 1 and the yellow ink 2- 

Example 3s Prints produced 
15 solution 1 and the yellow ink 3. 

Example 4« Prints produced 
solution 1 and the yellow ink 4. 

Example 5: Prints producRd 
solution 2 and the color ink 1. 
20 comparative Example 1* Prints produced using the 

reaction solution 1 and the color ink 2. 

Comparative Example 2s Prints produced using the 
reaction solution 1 and tne yellow ink 6. 

Comparative Example 3t prints produced, using the 
25 reaction solution 1 and the yellow ink 7. 

comparative Example 4» Prints produced using the 
reaction solution 2 and the color ink 2. 
Tiy^niaTlon 1* T.-ightfastneaa 
FiYfiluntiftn method 1 

The blotted images prints thus obtained were 
subjected to an 000-hr lightf astness twit using a xenou 
fadeometcr. In this case, for the blotted image area, 
the color before exposure and the color after exposure 
were measured with a Macbeth CE-7000 spectrophotometer 
35 (manufactured by Macbeth) and expressed in terms ot the 
L*a*b* color system of the color diflerence indication 
method specified in CIE (Commission International de 
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l'Eclairage), and a change in color between before the 
exposure and after the exposure in the blotted image 
area was expressed in terms ot the color difference 
determined by the following equation- This value was 
b evaluated according to the following criteria. The 
results were as shown in Table B3 below. 

color difference, Ab'^ - [(Al 1 ) 2 + (Aa)* + (A 

b') a j l/i 
Evaluation ciiLfiEia 

10 A» AB'ab 4 

Bt 4 < AK'j, ^ 6 
CS 6 < AE* d ^ 8 
D> 8 < AK'^ ^ 10 
fix 10 < AE*,i, ^ 20 

jf 15 Pi AE'^ > 20 

S( K»a1natlOTi method 2 

5 Further, for the blotted image area, the color 

f! density before Lhe exposure and the color density after 

y the exposure were measured with a Macbeth densitometer 

U 20 TR927 (manufactured by Macbeth), and a change m color 

*_ density between before and after the exposure in the 

g blotted image area was determined. The results were 

m evaluated according to the following criteria. The 

m evaluation results were as shown in Table B3 below. 

C? 25 A . 0D va i uo change of not wore than 3% 

IU B; on vaiue change of mure than 3 to less than 5% 

C: OD value chango of more than b to less than 10% 
D: OD value change of not less than 10% 
v^na+io r 2a Bjfigtian stability 
30 The ink composition was loaded into an ink. jet 

printer MJ-700 V2C manufactured by Seiko Epson 
Corporation, and alphabetical characters wore 
continuously printed at room temperature The amount of 
tne ink composition ojoofced was 0.04 |i.g/dot, and the 
35 density was 360 dpi. At tliaL time, inspection was 
performed on dropouto of dots and pattering of ink. The 
results were evaluated according to the following 
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crit rla. The evaluation results «er« as shown In Table 
B4 below* 

As 10 times in total of dropouts ot dots or 
scattering of ink did not occur even after the elapse of 
49 br or mor* trom tne start of the printing. 

B: 10 times in total of dropouts of dots or 
scattering of ink occurred in a period between the 
elapse of 24 hr from the start of the printing and the 
elapse of 48 hr from the start of the printing. 

C: 10 times in total of dropouts of dots or 
scattering of ink occurred in a period between the 
elapse of one hr rrom the start of the printing and the 
elapse of less than 24 hr from the start of the printing. 

Ds 10 or more times in total of dropouts of dots 
or scattering of ink occurred before one hr elapsed from 
the start of the printing. 

Evaluation ^ r stfflgt "f Manning w ith vfflt.gr on 

flTm-iTNi wT ink 
in the prints, the printed portion was rubbed with 
a water-base yellow fluorescent marker pen (ZEBRA PEN 2 
(tradename)) manufactured by ZEBRA at a marking force of 
4.9 N/mm*, and the fixation of ink was evaluated 
according to the following criteria. The evaluation 
results were as shown in Table B5 below. 

A: The separation of the printed portinn drd not 

occur at all. 

B< The separation of the printed portion occurred. 
C: The printed portion was completely separated. 
p^ a i»ai--ifin it c m or plftgdW 

in the prints, the printed portion was visually 
inspected for uneven color mixing in boundaries of 
different colors. The results were evaluated accordinq 
to the following criteria. The evaluation results were 
as shown In Table B5 below. 

A; There was no color miving. 

Bs There was color mixing. 

C: There was significant color mixing on such a 
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level that rendered the boundaries of different color* 
unclear . 
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Evaluation 2 




color 
ink 1 


cvan ink 1 


A 


EX. 6 


Magenta ink 1 


A 


Ytsllow ink 1 


A 


7 


Yellow ink 2 


A 


Ex. 8 


Yellow ink 3 


A 


EX. 9 


Yellow ink 4 






Color 
ink 2 


Cyan ink 2 


D 


COUL|J« 


Magenta ink 2 
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Ex. 5 


Yellow ink 5 
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Comp.Ex. 6 


Yellow ink 6 
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Egeparafcian af momen t rtlftnftrs i ons C 
Disp ersion 1 of pigfflgnt . 

Dispersion 1 of pigment was prepared in the same 
manner a* described in Example 1 of Japanese Pat Ant 
Lald-Open Ho. 316909/1998- Specifically , a reaction 
vessel equipped with an ultrasonic generator, a stirrer, 
and a temperature controller was charged with 5 parts by 
weight of carbon Mack, 3 parts by weight of a 
poiymerizable surfactant represented by formula (II), 
and 80 parte by weight of water. Ultrasonic waves were 
applied to the mixture in the reaction vessel for 4 hr 
Lo comminute the mixture. Next, 1.6 parts by weight of 
aerylonitri.ie and 0.05 part by weight of potassium 
per sulfate were further added to the reaction vessel, 
and a polymerization reaction was allowed to proceed at 
5 60'C for 48 hr. The desired product thus obtained was 

% filtered through a 0.4-um filter Lo remove coarse 

m particles. Thus, the dispersion of pigment was prepared. 

20 nicporsinn ? ft f pigment 

carbon black (100 g) and 60 g of a poiymerizable 
surfactant SE-10W manufactured by Asahi Denka Kogyo Ltd. 
M were added to 1,000 g of ion-exchanged water. Ultrasonic 

™ waves generated by an ultrasonic qenerator were applied 

S 25 to the mixture for 2 hr to perform dispersion, followed 

ft by dispersion in a sand mill for additional about 2 hr. 

The dispersion was introduced into a reaction vessel 
equipped with an ultrasonic generator, a stirrer, a 
temperature controller, a reflux condenser, and a 
30 droppinq funnel. Subsequently, a mixed monomer solution, 
previously prepared by mixing 20 g of phenoxyethyl 
methacrylate, 10 g of butyl methacrylate, and 10 g of 
methacrylic acid together, and 1 g of potassium 
persulfate were further added to the reaction vessel, 
35 and a polymerization reaction was allowed to proceed at 
60°c for 48 nr. The desired product thus obtained was 
adjusted to P H 8 by the addition of potassium hydroxide, 
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and then passed through a filter to remove coarse 

particles. Thus, the contemplated dispersion of pigment 
was prepared. 

pigpgrsion of maaenta pigment 
5 C.I. Pigment Red 122 (100 g) and 60 g of a 

polymerizable surfactant SE-10N manufactured by Asahi 
Denka Kogyo Ltd. were added to 1,000 g of ion-exchanged 
water. ultrasonic waves generated by an ultrasonic 
generator were applied to the mixture for 2 hr to 
10 perform dispersion* followed by dispersion in a sand 
mill for additional about 2 hr. The dispersion was 
introduced into a reaction vessel equipped with an 
ultrasonic generator , a stirrer, a temperature 
O controller, a reflux condenser, and a dropping funnel. 

S 15 Subsequently, a mixed monomer solution, previously 

J* prepared by mixing 5 g of benzyl methacrylate, 15 g of 

f4 butyl methacrylate, 10 g of dicyclopentanyl 

jj dimethacrylate, and 10 g of methacrylic acid together, 

* and 1 g of potassium persulfate were further added to 

5 20 the reaction vessel, and a polymerization reaction was 
ry allowed to proceed at 60°C for 48 hr. The desired 

product thus obtained was adjusted to pH 8 by the 
flj addition of potassium hydroxide, and then passed through 

a 0.4-fim filter to remove coarse particles . Thus, the 
25 contemplated dispersion of magenta pigment was prepared . 
n iflP^ R<inn of r.yan pigment 

C.I. Pigment Blue 15 : 3 (100 g) and 60 g of a 
polymerizable surfactant SE-10N manufactured by Asahi 
Denka Kogyo Ltd. were added to 1,000 g of ion-exchanged 

3 0 water. ultrasonic waves generated by an ultrasonic 
generator were applied to the mixture for 2 hr to 
perform dispersion, followed by dispersion in a sand 
mill for additional about 2 hr. The dispersion was 
introduced into a reaction vessel equipped with an 

3 5 ultrasonic generator, a stirrer, a temperature 
controll r, a reflux condenser, and a dropping funnel. 
Subsequently, a mixed monomer solution previously 
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prepared by mixing 10 g of 2-acrylamido-2- 
methylpropanesulfonic acid, 10 g of acrylonitrile, 10 g 
of benzyl met hacry late, and 10 g of butyl methacrylate 
together and 1 g of potassium persulfate were further 
5 added to the reaction vessel, and a polymerization 
reaction was allowed to proceed at 60°C for 48 hr. The 
desired product thus obtained was adjusted to pH 8 by 
the addition of potassium hydroxide, and then passed 
through a 0.4-nm filter to remove coarse particles. Thus, 
10 the contemplated dispersion of cyan pigment was prepared. 
Dispersion of yellow pigment 

C.I. Pigment Yellow 185 (100 g) and 60 g of a 
M polymer iz able surfactant SE-10N manufactured by Asahi 

D Denka Kogyo Ltd. were added to 1,000 g of ion-exchanged 

S 15 water. ultrasonic waves generated by an ultrasonic 
5 1 generator were applied to the mixture for 2 hr to 

y perform dispersion, followed by dispersion in a sand 

mill for additional about 2 hr. The dispersion was 
JU introduced into a reaction vessel equipped with an 

2 0 ultrasonic generator, a stirrer, a temperature 
controller, a reflux condenser, and a dropping funnel. 
O Subsequently, a mixed monomer solution, previously 

prepared by mixing 20 g of acrylonitrile and 20 g of 
dibutyl fumarate together, and 1 g of potassium 
25 persulfate were further added to the reaction vessel, 
and a polymerization reaction was allowed to proceed at 
60°C for 48 hr. The desired product thus obtained was 
adjusted to pH 8 by the addition of potassium hydroxide, 
and then passed through a 0.4-jtm filter to remove coarse 
30 particles. Thus, the contemplated dispersion of yellow 
pigment was prepared. 

Preparation of resin emulsion C 
tt^sin emulsion 1 

A flask quipped with a stirrer, a thermometer, a 
35 reflux condenser , and a dropping funnel was charged with 
0.5 part by weight of potassium persulfate and 80 parts 
by weight of pure water to prepare a solution. The flask 
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was heated while stirring the solution to raise the 
internal temperature of the flask to 70°C. Separately , 
40 parts by weight of styrene, 45 parts by weight of 
butyl aery late, 5 parts by weight of methacrylic acid, 1 
5 part by weight of 2 -hydroxy ethyl aery late r 1 part by 
weight of 1,6-hexanediol dimethacrylate, 1 part by 
weight of sodium laurylsulf ate, and 40 parts by weight 
of pure water were stirred to mix them together. Thus, 
an emulsion was prepared- This emulsion was gradually 
10 added dropwise to the flask through the dropping funnel 
over a period of 3 hr to allow a polymerization reaction 
to proceed. 

The fine particles of a resin thus obtained were 
adjusted to solid content 35% by weight and pH 8 by the 
9 15 addition of ion-exchanged water and aqueous ammonia, and 

yi 

m then passed through a 0.2-fim filter. The average 

W particle diameter was measured by a laser scattering 

yi method and found to be 180 nm. The aqueous emulsion of 

fine particles of the resin had a minimum film-forming 
2 20 temperature of 20°c. When 3 volumes of an aqueous 
RJ emulsion containing 0.1% by weight of the fine particles 

of the resin was brought into contact with one volume of 
a 1 mol/liter aqueous magnesium nitrate solution, the 
time required for the transmission of light having a 
25 wavelength of 700 nm to become 50% of the initial value 
(half -value period) was 500 sec. The contact angle of an 
aqueous emulsion, prepared so as to contain 10% by 
weight of the fine particles of the resin, on a teflon 
sheet was 80 degrees. 
30 Reain emu Is ion 2 

A reaction vessel equipped with a stirrer, a 
thermometer, a reflux condenser, and a dropping funnel 
was charged with 100 g of ion-exchanged water and 1-5 g 
of potassium persulfate- The internal temperature of the 
35 reaction vessel was rais d to 7 0°C under stirring while 
replacing the air in the reaction vessel by nitrogen. 
Separately, 100 g of ion-exchanged water, 2 g of sodium 
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dodecylbenzenesulfonate, 60 g of styrene, 80 g of n- 
lauryl methacrylate, 10 g of methacrylic acid, and 5 g 
of acrylamide were stirred to mix them together. Thus, 
an emulsion was prepared ♦ This emulsion was gradually 
5 added dropwise to the reaction vessel through the 
dropping funnel. The aqueous emulsion of fine particles 
of the resin thus obtained was cooled to room 
temperature, adjusted to solid content 35% by weight an4 
pH 8 by the addition of ion-exchanged water and aqueous 
10 ammonia , and then passed through a 0-1-mn filter. The 
average particle diameter was measured by a laser 
scattering method and found to be 90 nm. 

The aqueous emulsion of fine particles of the 
resin had a minimum film- forming temperature of 23°C. 
15 When 3 volumes of an aqueous emulsion containing 0.1% by 
weight of the fine particles of the resin was brought 
into contact with one volume of a 1 mol /liter aqueous 
magnesium nitrate solution , the time required for the 
transmission of light having a wavelength of 700 nm to 
5 20 become 50% of the initial value (half-value period) was 

fy 30 sec. The contact angle of an aqueous emulsion, 

W prepared so as to contain 10% by weight of the fine 

particles of the resin, on a teflon sheet was 83 degrees. 

T*<=>sin fttnnlRinn 3 

25 A reaction vessel equipped with a stirrer, a 

thermometer, a reflux condenser, and a dropping funnel 
was charged with 900 g of ion-exchanged water and 4 g of 
sodium laurylsulfate. The internal temperature of the 
reaction vessel was raised to 70°C under stirring while 
30 replacing the air in the reaction vessel by nitrogen. 
While maintaining the internal temperature of the 
reaction vessel at 70°C, 2 g of potassium persulfate as a 
polymerization initiator was added to and dissolved in 
the system. Subsequently, an emulsion previously 

3 5 prepared by adding 450 g of ion-exchanged water, 3 g of 
sodium laurylsulfate, 435 g of styrene, 20 g of 
acrylamide, 475 g of butyl acrylate, 30 g of methacrylic 
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acid/ and 10 g of ethylene glycol dimethacrylate with 
stirring was then continuously added dropwise to the 
reaction vessel over a period of 3 hr. After the 
completion of the dropwise addition/ the mixture was 
5 ripened for 3 hr. 

The aqueous emulsion of fine particles of the 
resin thus obtained was cooled to room temperature , 
adjusted to solid content 35% by weight and pH 8 by the 
addition of ion-exchanged water and aqueous ammonia , and 

10 then passed through a 0.1-fiin filter. The average 
particle diameter was measured by a laser scattering 
method and found to be 80 nm. The aqueous emulsion of 
fine particles of the resin had a minimum film- forming 
temperature of 22°C. When 3 volumes of an aqueous 

15 emulsion containing 0-1% by weight of the fine particles 
of the resin was brought into contact with one volume of 
a 1 mol/liter aqueous magnesium nitrate solution/ the 
time required for the transmission of light having a 
wavelength of 700 nm to become 5 0% of the initial value 

20 (half -value period) was 5 sec. The contact angle of an 
aqueous emulsion, prepared so as to contain 10% by 
weight of the fine particles of the resin, on a teflon 
sheet was 113 degrees. 
Resin emulsion 4 

25 A reaction vessel equipped with a stirrer/ a 

thermometer/ a reflux condenser, and a dropping funnel 
was charged with 900 g of ion-exchanged water and 4 g of 
sodium laurylsulfate- The internal temperature of the 
reaction vessel was raised to 7 0°C under stirring while 

30 replacing the air in the reaction vessel by nitrogen, 
while maintaining the internal temperature of the 
reaction vessel at 70°C/ 8 g of potassium persulfate as a 
polymerization initiator was added to and dissolved in 
the system. Subsequently, an emulsion previously 

35 prepared by adding 450 g of ion-exchanged water, 3 g of 
sodium laurylsulfate, 435 g of styrene, 475 g of butyl 
acrylate, 15 g of 2-acryloylamino-2- 
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methylpropanesulfonic acid, 30 g of methacrylic acid, 
and 10 g of diethylene glycol dimethacrylate with 
stirring was then continuously added dropwise to the 
reaction vessel over a period of 3 hr. After the 
5 completion of the dropwise addition, the mixture was 
ripened for 3 hr. 

The aqueous emulsion of fine particles of the 
resin thus obtained was cooled to room temperature, 
adjusted to solid content 35% by weight and pH 8 by the 
10 addition of ion-exchanged water and aqueous ammonia, and 

then passed through a 0.1-fim filter. The average 
particle diameter was measured by a laser scattering 
method and found to be 90 nm. The aqueous emulsion of 



O fine particles of the resin had a minimum film- forming 

Jj 15 temperature of 20°C. When 3 volumes of an aqueous 
jH emulsion containing 0.1% by weight of the fine particles 

of the resin was brought into contact with one volume of 
a 1 mol/liter aqueous magnesium nitrate solution, the 

s time required for the transmission of light having a 

Q ' 

La 20 wavelength of 700 nm to become 50% of the initial value 

fy (half -value period) was 7 sec. The contact angle of an 

IP 

q aqueous emulsion, prepared so as to contain 10% by 

fy weight of the fine particles of the resin, on a teflon 

sheet was 115 degrees. 
25 Resin emulsion 5 

A reaction vessel equipped with a stirrer, a 
thermometer, a reflux condenser, and a dropping funnel 
was charged with 900 g of ion-exchanged water. The 
internal temperature of the reaction vessel was raised 
30 to 70°C while replacing the air in the reaction vessel by 
nitrogen under stirring. While holding the internal 

temperature of the reaction vessel at 70°C, 3.5 g of 
potassium persulfate as a polymerization initiator was 
added to and dissolved in the system- Subsequently, an 
3 5 inula ion pr#vi u»ly pr pared by adding 70 g of i n- 
exchanged water, 1 g of sodium laurylsulf ate, 53 g of 

styrene, 59 g of butyl acrylate, and 0.16 g of t- 
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dodecylmercaptan as a molecular weight modifier under 
stirring was then continuously added dropwise to the 
reaction vessel over a period of one hr. After the 
completion of the dropwise addition , the mixture was 
5 ripened for one hr. 

Subsequently, an emulsion previously prepared by 
adding 79 g of styrene, 80 g of butyl aery late, and 0.16 
g of t-dodecylmercaptan to a mixture of 7 0 g of ion- 
exchanged water, 1 g of sodium laurylsulf ate, and 1 g of 
10 acrylamide under stirring was continuously added 
dropwise to the reaction vessel over a period of one hr. 
After the completion of the dropwise addition/ the 
mixture was ripened for one hr. 
q An aqueous solution of 3.5 g of ammonium 

Q 15 persulfate as a polymerization initiator dissolved in 20 
g\ g of ion-exchanged water was then added to the reaction 

W vessel. Further, an emulsion previously prepared by 

a 3 § 

2 adding 300 g of ion-exchanged water, 2 g of sodium 

laurylsulf ate, 16 g of acrylamide, 298 g of styrene, 297 
20 g of butyl aery late, 29 g of methacrylic acid, 30 g of 
fU diethylene glycol dimethacrylate, and 0.65 g of t- 

J{ dodecylmercaptan under stirring was continuously added 

fy dropwise to the reaction vessel over a period of 3 hr. 

The aqueous emulsion of fine particles of the resin thus 
25 obtained was cooled to room temperature, adjusted to 
solid content 35% by weight and pH 8 by the addition of 
ion-exchanged water and aqueous ammonia, and then passed 
through a 0.1-nm filter. The average particle diameter 
was measured by a laser scattering method and found to 

30 be 90 run. 

The aqueous emulsion of fine particles of the 

resin had a minimum film- forming temperature of 23 e C* 
When 3 volumes of a resin emulsion containing 0-1% by 
weight of the fine particles of the resin was brought 
35 into contact with one volume of a 1 mol/ liter aqueous 
magnesium nitrate solution, the time required for the 
transmission of light having a wavelength of 700 nm to 
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become 50% of the initial value (half -value period) was 
6 sec* The contact angle of an aqueous emulsion, 
prepared so as to contain 10% by weight of the fine 
particles of the resin, on a teflon sheet was 114 
5 degrees . 

Resin emulsion 6 

A reaction vessel equipped with a stirrer , a 
thermometer, a reflux condenser, and a dropping funnel 
was charged with 900 g of ion-exchanged water. The 
10 internal temperature of the reaction vessel was raised 
to 70°C while replacing the air in the reaction vessel by 
nitrogen under stirring. While holding the internal 
M temperature of the reaction vessel at 70°C, 4 g of 

Q potassium persulfate as a polymerization initiator was 

Jd 15 added to and dissolved in the system. Subsequently, an 
gi emulsion previously prepared by adding 70 g of ion- 

yj exchanged water, 1 g of sodium laurylsulf ate, 53 g of 

\+ styrene, 59 g of butyl acrylate, 48 g of glycidyl 

* ■ methacrylate, and 0.16 g of t-dodecylmercaptan as a 

|* 20 molecular weight modifier under stirring was then 
W continuously added dropwise to the reaction vessel over 

q a period of one hr. After the completion of the dropwise 

ffl addition, the mixture was ripened for one hr. 

Subsequently, an emulsion previously prepared by 
25 adding 79 g of styrene, 80 g of butyl acrylate, and 0.16 
g of t-dodecylmercaptan to a mixture of 70 g of ion- 
exchanged water, 1 g of sodium laurylsulf ate, and 1 g of 
acrylamide under stirring was continuously added 
dropwise to the reaction vessel over a period of one hr. 
30 After the completion of the dropwise addition, the 
mixture was ripened for one hr. 

An aqueous solution of 4 g of ammonium persulfate 
as a polymerization initiator dissolved in 2 0 g of ion- 
exchanged water was then added to the reaction vess 1. 
35 Further, an emulsion previously prepared by adding 3 00 g 
of ion-exchanged water, 2 g of sodium laurylsulf ate, 16 
g of acrylamide, 298 g of styrene, 297 g of butyl 
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acrylate, 29 g of methacrylic acid, and 0.65 g of t- 
dodecylmercaptan under stirring was continuously added 
dropwise to the reaction vessel over a period of 3 hr. 
The aqueous emulsion of fine particles of the resin thus 
5 obtained was cooled to room temperature , adjusted to 
solid content 35% by weight and pH 8 by the addition of 
ion-exchanged water and aqueous ammonia , and then passed 
through a 0.1-jun filter. The average particle diameter 
was measured by a laser scattering method and found to 
10 be 90 nm. 

The aqueous emulsion of fine particles of the 
resin had a minimum film-forming temperature of 24°c. 
when 3 volumes of an aqueous emulsion containing 0-1% by 
weight of the fine particles of the resin was brought 
15 into contact with one volume of a 1 mol/liter aqueous 
magnesium nitrate solution, the time required for the 
fU transmission of light having a wavelength of 7 00 nm to 

become 50% of the initial value (half -value period) was 
10 sec. The contact angle of an aqueous emulsion, 
20 prepared so as to contain 10% by weight of the fine 
particles of the res in , on a teflon sheet was 108 
degrees . 

Prepara tion of ink composition C 

Ink compositions as shown in Tables CI to C3 below 
25 were prepared according to the following procedure- Ion- 
exchanged water, a water-soluble organic solvent/ an 
acetylene glycol surfactant and the like and optional 
additives, such as a pH adjustor, a preservative, and a 
fungicide, were previously added and mixed together 
3 0 while stirring at room temperature to prepare a liquid 
mixture- The stirring liquid mixture was then gradually 
added to a predetermined amount of the aqueous emulsion 
of fine particles of a resin under stirring, followed by 
stirring for one hr. This was then gradually added to a 
3 5 predetermined amount of the dispersion of pigm nt under 
stirring, and the mixture was thoroughly stirred for 
additional one hr and then passed through a 5-nm 
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Preparation of reaction solution C 

A reaction solution was prepared according to the 
following formulation. 

Reaction solution 1 
5 Magnesium nitrate hexahydrate 25 wt% 

Triethylene glycol monobutyl ether 10 wt% 

Glycerin 20 wt% 

Ion-exchanged water Balance 

Reaction solution 2 
10 Magnesium acetate tetrahydrate 25 wt% 

Triethylene glycol monobutyl ether 10 wt% 

Glycerin 20 wt% 

Ion-exchanged water Balance 
Reaction solution 3 
15 Polyallylamine represented by formula (VII) 5 wt% 
Triethylene glycol monobutyl ether 10 wt% 

fu Glycerin 20 wt% 

p Ion-exchanged water Balance 

Print evaluation test C 

D 

2 20 The ink compositions and the reaction solutions 

fy prepared above were printed in combination as indicated 

in Tables C4 to C6 by the recording apparatus according 
fy to the present invention on a PET (polyethylene 

terephthalate) film, an aluminum plate, an iron plate, 
25 an SBR sheet , and a glass plate , followed by washing 
with water to prepare objects for the following 
evaluation . 

Evaluation 1: Fixation 1 

In the prints , the printed portion was rubbed with 
30 a water-base yellow fluorescent marker pen (ZEBRA PEN 2 
(tradename)) manufactured by ZEBRA at a marking force of 
4.9 N/mm 2 , and the fixation of ink was evaluated 
according to the following criteria. The results were as 
shown in Table C4 . 
35 As The separation of the printed portion did not 

occur at all. 

B: The separation of the printed portion slightly 
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occurred . 

C: The printed portion was compl tely separated. 
R^aluation 2s Fixation 2 

Blotted images were printed by the recording 
5 apparatus according to the present invention on the 
recording media described above, followed by washing 
with water and standing for 24 hr to prepare prints. The 
blotted image portion was cross cut to form squares 
having a one side length of 1 cm (area; 1 cm 2 ) at 
10 intervals of 1 mm. A Scotch tape was applied onto the 
cross-cut blotted image portion, and a load of 9.8 N/mm 2 
was applied to the tape. The tape was then peeled off 
from the print to determine the number of crosscuts (1 
mm x 1 mm) remained unpeeled from the recording medium, 
15 followed by evaluation according to the following 
criteria. The results were as shown in Table C4 . 

As 90 or more crosscuts remained unpeeled. 

B: 60 to less than 90 crosscuts remained unpeeled. 

C: Less than 60 crosscuts remained unpeeled. 
20 Evaluation 3s Color bleeding 

in the prints , the printed portion was visually 
inspected for uneven color mixing in boundaries of 
different colors. The results were evaluated according 
to the following criteria. The evaluation results were 
25 as shown in Table C5. 

A: There was no color mixing, and the boundaries of 
different colors were clear. 

B: There was slight color mixing. 

C: There was significant color mixing on such a 
30 level that rendered the boundaries of different colors 
unclear. 

Evaluation 4i Ejection stability 

The ink composition was loaded into a recording 
head in the recording apparatus according to the present 
35 invent ion , and 1000 ruled lines were continuously 
printed. The prints were then visually inspected for 
dropouts, scattering of ink, and ink droplet trajee* ry 
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directionality problem (deviation from predetermined ink 
droplet impact points) f followed by the valuation of 
the number of lines, suffering from the ink droplet 
trajectory directionality problem, out of the printed 
5 1000 lines according to the following criteria . The 
evaluation results were as shown in Table C6, 

A: An incidence of less than 10% 

B: An incidence of 10 to 50% 

C: An incidence of more than 50% 
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Ink set 


Ink 


Evaluation 4 : 
ejection stability 


EX. 1 




ink 1 


A 


Ex. 2 
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ink 2 


A 






Ink 3 


A 


Ex. 3^ 


Ink set 1 


Ink 4 


A 






Ink 5 


A 






Ink 6 


A 


Ex. 4 


Ink set: 2 


Ink 7 


A 






ink 8 


A 






Ink 6 


A 


Ex. 5 


Ink set 3 


Ink 7 


A 






Ink 8 


A 






ink 6 
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EX. 6 


ink set 4 


ink 7 


A 






Ink 8 


A 






Ink 9 


A 


EX. 7 


Ink set 5 


Ink 10 


A 






Ink 11 


A 






Ink 12 
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Ex. 8 


Ink set 6 


Ink 13 


A 






Ink 14 
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Ink 15 
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Ex. 9 


Ink set 7 


ink 16 


A 






Ink 17 
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Comp . 
EX. 1 




ink 18 
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Ink set 8 


Ink 19 


B 




Ink 20 


B ! 


Comp. 
Ex. 2 




Ink 21 
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Ink set 9 


Ink 22 


B 




Ink 23 


B 



Example D 

5 Preparation of rgg i n emulsion D 

Renin emulsion 1 

A reaction vessel equipped with a stirrer , a 
thermometer r a reflux condenser, and a dropping funnel 
was charged with 700 g of ion-exchanged water and 4 g of 
10 sodium laurylsulf ate. The internal temperature of the 

reaction vessel was raised to 70°C under stirring while 
replacing the air in the reaction vessel by nitrogen. 
While maintaining the internal temperature of the 
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reaction vessel at 7 (To, 2 g of potassium persulfate as a 
polymerization initiator was added to and dissolved in 
the system. Subsequently , an emulsion previously 
prepared by adding 300 g of ion-exchanged water , 3 g of 
5 sodium laurylsulfate, 200 g of styrene, 400 g of butyl 
acrylate, 40 g of methacrylic acid, and 80 g of 
trif luoroethyl methacrylate with stirring was then 
continuously and gradually added dropwise through a 
dropping funnel to the reaction vessel over a period of 
10 3 hr. After the completion of the dropwise addition , the 
mixture was ripened for 3 hr. 

The resin emulsion thus obtained was cooled to 
room temperature , adjusted to solid content 3 5% by 
S weight and pH 8 by the addition of ion-exchanged water 

[3 15 and aqueous ammonia, and then passed through a 0.2-nm 
gt filter. The average particle diameter was measured by a 

™ laser scattering method and found to be 120 nm. The 

2 resin emulsion particle had a glass transition point of 

!L -4°C. The resin emulsion had a minimum film-forming 

S 

u; 20 temperature of 11°C. when 3 volumes of a resin emulsion 

fU containing 0.1% by weight of the resin emulsion 

iff 

q particles was brought into contact with one volume of a 

fU 1 mol/ liter aqueous magnesium nitrate solution, the time 

required for the transmission of light having a 
25 wavelength of 70 0 nm to become 50% of the initial value 
(half -value period) was 50 sec. The contact angle of a 
resin emulsion r prepared so as to contain 10% by weight 
of the resin emulsion particles , on a teflon sheet was 
100 degrees. 
30 Resin emulsion 2 

A reaction vessel equipped with a stirrer/ a 
thermometer, a reflux condenser, and a dropping funnel 
was charged with 900 g of ion-exchanged water and 4 g of 
sodium laurylsulfate. The internal temperature of the 
35 reaction vessel was raised to 70°C under stirring while 
replacing the air in the reaction vessel by nitrogen, 
while maintaining the internal temperature of the 



'O2¥01fl25B(Dl6H58ft ft:LADASfl& J|:KYOWA PATENT, TKY R : 3 9 6 P. 21/82 

" 0058 



116 



W 



reaction vessel at 70°c, 2 g of potassium persulfate as a 
polymerization initiator was added to and dissolved in 
the system. Subsequently, an emulsion previously 
prepared by adding 450 g of ion-exchanged water, 3 g of 
5 sodium laurylsulf ate, 435 g of styrene, 20 g of 
acrylamide, 475 g of butyl acrylate, 30 g of methacrylic 
acid, 50 g of heptadecaf luorodecyl methacrylate, and 4 g 
of ethylene glycol dimethacrylate with stirring was then 
continuously and gradually added dropwise through a 
10 dropping funnel to the reaction vessel over a period of 
3 hr. After the completion of the dropwise addition, the 
mixture was ripened for 3 hr. 

The resin emulsion thus obtained was cooled to 
room temperature, adjusted to solid content 35% by 
Q 15 weight and pH 8 by the addition of ion-exchanged water 

p and aqueous ammonia, and then passed through a 0.1-jim 

fU filter. The average particle diameter was measured by a 

laser scattering method and found to be 90 nm. The resin 
emulsion particle had a glass transition point of 9°C. 
3 20 The resin emulsion had a minimum film-forming 

ij temperature of 24°C. When 3 volumes of a resin emulsion 

2 containing 0*1% by weight of the resin emulsion 

particles was brought into contact with one volume of a 
1 mol/liter aqueous magnesium nitrate solution, the time 
25 required for the transmission of light having a 
wavelength of 700 nm to become 50% of the initial value 
(half -value period) was 5 sec. The contact angle of a 
resin emulsion, prepared so as to contain 10% by weight 
of the resin emulsion particles, on a teflon sheet was 
30 110 degrees. 

RPsin emulsion 3 

A reaction vessel equipped with a stirrer, a 
thermometer, a reflux condenser, and a dropping funnel 
was charged with 900 g of ion-exchanged water and 4 g of 
35 sodium laurylsulf ate. The internal temperature of the 

reaction vessel was raised to 7 0°C under stirring while 
replacing the air in the reaction vessel by nitrogen. 
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While maintaining the internal temperature of the 

reaction vessel at 70°C, 2 g of potassium persulfate as a 
polymerization initiator was added to and dissolved in 
the system. Subsequently , an emulsion previously 
5 prepared by adding 450 g of ion-exchanged water, 3 g of 
sodium laurylsulfate r 435 g of styrene, 475 g of butyl 
aery late , 30 g of 2-acryloylamino-2- 

methylpropanesulfonic acid, 50 g of 2,2,3,4,4,4- 
hr^afluorobutyl methacrylate, and 4 g of diethylene 
10 glycol dimethacrylate with stirring was then 
continuously and gradually added dropwise through a 
dropping funnel to the reaction vessel over a period of 
3 hr. After the completion of the dropwise addition, the 
q mixture was ripened for 3 hr. 

P 15 The resin emulsion thus obtained was cooled to 

gj room temperature, adjusted to solid content 35% by 

fU weight and pff 8 by the addition of ion-exchanged water 

m and aqueous ammonia, and then passed through a 0.1-jmn 

a filter. The average particle diameter was measured by a 

H 20 laser scattering method and found to be 95 nm. The resin 

nj emulsion particle had a glass transition point of 7°C. 

The resin emulsion had a minimum film-forming 

Q" 

ft) temperature of 21°C- When 3 volumes of a resin emulsion 

containing 0.1% by weight of the resin emulsion 

25 particles was brought into contact with one volume of a 
1 mol/liter aqueous magnesium nitrate solution, the time 
required for the transmission of light having a 
wavelength of 700 nm to become 50% of the initial value 
(half -value period) was 7 sec. The contact angle of a 

30 resin emulsion, prepared so as to contain 10% by weight 
of the resin emulsion particles, on a teflon sheet was 
115 degrees. 

Resin fsmulston 4 

A reaction vessel equipped with a stirrer, a 
35 thermometer, a reflux condenser, and a dropping funnel 
was charged with 900 g of ion-exchanged water- The 
internal temp rature of the reaction vessel was raised 
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to 70°C while replacing the air in the reaction vessel by 
nitrogen under stirring. While holding the internal 
temperature of the reaction vessel at 70°C, 2 g of 
potassium persulfate as a polymerization initiator was 



emulsion previously prepared by adding 70 g of ion- 
exchanged water, 1 g of sodium laurylsulf ate, 53 g of 
styrene, 59 g of butyl acrylate, 20 g of 2,2,3,3- 
tetraf luoropropyl methacrylate, and 0.16 g of t- 
dodecylmercaptan as a molecular weight modifier under 
stirring was then continuously added dropwise to the 
reaction vessel over a period of one hr. After the 
completion of the dropwise addition, the mixture was 
ripened for one hr. 

Subsequently, an emulsion previously prepared by 
adding 79 g of styrene, 80 g of butyl acrylate, and 0.16 
g of t-dodecylmercaptan to a mixture of 70 g of ion- 
exchanged water, 1 g of sodium laurylsulf ate, and I g of 
acrylamide under stirring was continuously added 
dropwise to the reaction vessel over a period of one hr* 
After the completion of the dropwise addition, the 
mixture was ripened for one hr. 

An aqueous solution of 2 g of ammonium persulfate 
as a polymerization initiator dissolved in 20 g of ion- 
exchanged water was then added to the reaction vessel* 
Further, an emulsion previously prepared by adding 300 g 
of ion-exchanged water, 2 g of sodium laurylsulfate, 16 
g of acrylamide, 298 g of styrene, 297 g of butyl 
acrylate, 29 g of methacrylic acid, and 0.65 g of t- 
dodecylmercaptan under stirring was continuously added 
dropwise to the reaction vessel over a period of 3 hr. 
The resin emulsion thus obtained was cooled to room 
temperature, adjusted to solid content 35% by weight and 
pH 8 by the addition of ion-exchang d water and aqu ous 
ammonia, and then passed through a 0.1-|nm filter. The 
average particle diameter was m asur d by a laser 
scattering method and found to be 90 run. The resin 



added to and dissolved in the system. Subsequently, an 
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emulsion particle had a glass transition point of 8°C. 
Th resin emulsion had a minimum film-forming 
temperature of 23°C. When 3 volumes of a resin emulsion 
containing 0.1% by weight of the resin emulsion 
5 particles was brought into contact with one volume of a 
1 mol/liter aqueous magnesium nitrate solution, the time 
required for the transmission of light having a 
wavelength of 700 nm to become 50% of the initial value 
(half -value period) was 3 sec* The contact angle of a 
10 resin emulsion, prepared so as to contain 10% by weight 
of the resin emulsion particles, on a teflon sheet was 
114 degrees. 

Resin emu Is ion 5 

O A reaction vessel equipped with a stirrer, a 

15 thermometer, a reflux condenser, and a dropping funnel 
jji was charged with 900 g of ion-exchanged water- The 

TU internal temperature of the reaction vessel was raised 

til 

M, to 70°C while replacing the air in the reaction vessel by 

■ nitrogen under stirring. While holding the internal 

S 

§** 20 temperature of the reaction vessel at 7,0°C r 2 g of 

fU potassium persulfate as a polymerization initiator was 

%^ added to and dissolved in the system. Subsequently, an 

fy emulsion previously prepared by adding 7 0 g of ion- 

exchanged water, 1 g of sodium laurylsulf ate, 53 g of 
25 styrene, 59 g of butyl acrylate, 48 g of glycidyl 
methacrylate, and 0.16 g of t-dodecylmercaptan as a 
molecular weight modifier under stirring was then 
continuously added dropwise to the reaction vessel over 
a period of one hr. After the completion of the dropwise 
30 addition, the mixture was ripened for one hr. 

Subsequently, an emulsion previously prepared by 
adding 79 g of styrene, 80 g of butyl aery late, 20 g of 
perf luorooctyl ethyl methacrylate, and 0.16 g of t- 

dodaeylflwreaptan to 70 9 of ion-exchanged water, lgf 

35 sodium laurylsulfate, and 1 g of acrylamide under 
stirring was continuously added dropwise to the reaction 
v ssel over a period of one hr. After the completion of 
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the dropwise addition/ the mixture was ripened for one 
hr . 

An aqueous solution of 2 g of ammonium persulfate 
as a polymerization initiator dissolved in 20 g of ion- 
5 exchanged water was then added to the reaction vessel. 
Further, an emulsion previously prepared by adding 300 g 
of ion-exchanged water, 2 g of sodium laurylsulf ate, 16 
g of acrylamide, 298 g of styrene, 297 g of butyl 
acrylate, 29 g of methacrylic acid, and 0.65 g of t- 
10 dodecylmercaptan under stirring was continuously added 
dropwise to the reaction vessel over a period of 3 hr. 
The resin emulsion thus obtained was cooled to room 
U temperature, adjusted to solid content 35% by weight and 

Q pH 8 by the addition of ion-exchanged water and aqueous 

m 15 ammonia, and then passed through a 0.1-jun filter. The 
fff ' average particle diameter was measured by a laser 

scattering method and found to be 90 nm. The resin 
H emulsion particle had a glass transition point of 7°C. 

^ The resin emulsion had a minimum film-forming 

U 20 temperature of 23°C- When 3 volumes of a resin emulsion 
containing 0.1% by weight of the resin emulsion 
particles was brought into contact with one volume of a 
y 1 mol /liter aqueous magnesium nitrate solution, the time 

required for the transmission of light having a 
25 wavelength of 700 nm to become 50% of the initial value 
(half -value period) was 3 sec. The contact angle of a 
resin emulsion, prepared so as to contain 10% by weight 
of the resin emulsion particles, on a teflon sheet was 
114 degrees. 

30 pmilftinn 6 (comparative example) 

A reaction vessel equipped with a stirrer, a 
thermometer, a reflux condenser, and a dropping funnel 
was charged with 900 g of ion-exchanged water and 4 g of 
sodium laurylsulfate. The internal temperature of the 
35 reaction vessel was raised to 70°C under stirring while 
replacing the air in the reaction vessel by nitrogen. 
While maintaining the internal temperature of the 



ru 
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reaction vessel at 70°c, 2 g of potassium persulfate as a 
polymerization initiator was added to and dissolved in 
the system. Subsequently, an emulsion previously 
prepared by adding 450 g of ion-exchanged water, 3 g of 
5 sodium laurylsulfate, 435 g of styrene, 20 g of 
acrylamide, 475 g of methyl methacrylate, 3 0 g of 
methacrylic acid/ 50 g of trif luoroethyl methacrylate , 
and 4 g of ethylene glycol dimethacrylate with stirring 
was then continuously and gradually added dropwise 
10 through a dropping funnel to the reaction vessel over a 
period of 3 hr- After the completion of the dropwise 
addition , the mixture was ripened for 3 hr. 

The resin emulsion thus obtained was cooled to 
room temperature^ adjusted to solid content 35% by 
15 weight and pH 8 by the addition of ion-exchanged water 
JJ! and aqueous ammonia/ and then passed through a 0.1-ym 

pj filter. The average particle diameter was measured by a 

^ laser scattering method and found to be 90 nm. The resin 

a emulsion particle had a glass transition point of 105°C. 

Q 20 The resin emulsion had a minimum film-forming 

fy temperature of 120°C. When 3 volumes of a resin emulsion 

Wf containing 0.1% by weight of the resin emulsion 

pi particles was brought into contact with one volume of a 

1 mol/liter aqueous magnesium nitrate solution/ the time 
25 required for the transmission of light having a 
wavelength of 70 0 nm to become 5 0% of the initial value 
(half -value period) was 6 sec. The contact angle of a 
resin emulsion/ prepared so as to contain 10% by weight 
of the resin emulsion particles, on a teflon sheet was 
30 110 degrees* 

Preparation of ink composition D 

Ink compositions as indicated in Tables Dl to D3 
below were produced. 

More specifically, these ink compositions were 
35 prepared as follows. For example/ for black ink 1/ 5% by 
weight of carbon black MA 7 manufactured by Mitsubishi 
Chemical corporation/ 1% by weight of an ammonium salt 



m 
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of a styrene/acrylic acid copolymer (molecular weight 
7,000, polymer component 38%), and 25% by weight of ion- 
exchanged water were mixed together , followed by 
dispersion in a sand mill for 2 hr to prepare a carbon 
5 black dispersion. Separately, 15% by weight of glycerin, 
5% by weight of maltitol, 5% by weight of 2 -pyrrol idone, 
1% by weight of triethanolamine, and 1% by weight of 
potassium hydroxide were added to 26.1% by weight of 
ion-exchanged water, and the mixture was stirred at room 
10 temperature for 20 min to prepare a solution. The resin 
emulsion 1 was added to this solution so that the 
content of the resin emulsion particles of the resin 
emulsion 1 was 5% by weight based on the ink composition, 
p followed by mixing with stirring. Next, this mixture was 

Q 15 gradually added dropwise to the above carbon black 
dispersion with stirring , and the mixture was thoroughly 
stirred at room temperature, and was then passed through 
a 5-nm membrane filter to prepare an ink composition. 

Other black inks r cyan inks, magenta inks, and 
20 yellow inks having formulations as specified in Tables 
Dl to D3 were prepared in the same manner as described 
above . 
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Preparation of reaction solution D 

The following ingredi nts were mixed together to 
prepare reaction solutions. 
Reaction sqIiiLIqd 1 

5 Magnesium nitrate hexahydrate 25 wt% 

Triethylene glycol monobutyl ether 10 wt% 

Glycerin 20 wt% 

Ammonia 0.5 wt% 
Pure water Balance 
10 Reaction solution 2 

Magnesium acetate hydrate 25 wt% 

Triethylene glycol monobutyl ether 10 wt% 

Glycerin 20 wt% 

q Ammonia 0.5 wt% 

Q 15 Pure water Balance 

in 

m Print evaluation test n 

fU The ink composition and the reaction solution 

prepared above were printed in combination by the 
« recording apparatus according to the present invention 

O 20 on a PET (polyethylene terephthalate) film, an aluminum 
fU plate, an iron plate, an SBR sheet, and a glass plate, 

^ followed by washing with water to prepare prints. 

Evaluation 1= Fixation 

In the prints, the printed portion was rubbed with 
25 a water-base yellow fluorescent marker pen (ZEBRA PEN 2 
(tradename)) manufactured by zebra at a marking force of 
4.9 N/mm 2 , and the fixation of ink was evaluated 
according to the following criteria. 

A: The separation of the printed portion did not 
30 occur at all. 

B: The separation of the printed portion slightly 
occurred. 

C= The printed portion was completely separated. 
Evaluation 2i Color bleeding 
35 in the prints, the printed portion was visually 

inspected for uneven color mixing in boundaries of 
different colors, followed by evaluation according to 
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the following criteria* 

A: There was no color mixing, 
B: There was slight color mixing . 

C: There was significant color mixing on such a 
5 level that rendered the boundaries of different colors 
unclear. 

Evaluation 3: Weathering resi stance 1 
The ink composition and the reaction solution were 
printed in combination by the recording apparatus 
10 according to the present invention on a PET 
(polyethylene terephthalate) film, an aluminum plate, an 
iron plate , an SBR sheet r and a glass plate to form 
blotted images/ followed by washing with water to 
prepare prints. The prints were then allowed to stand in 
15 an atmosphere of temperature 40°C and humidity 60% for 3 
months, followed by evaluation according to the 
pj following criteria . 

jr~ A - None of elimination, blistering, and peeling 

m occurred at all in the printed portion. 

Q 20 B: Elimination, blistering, and peeling slightly 

ry occurred in the printed portion. 

Ul C; The printed portion was completely eliminated or 

peeled off, and was rusted. 

Evaluat ion 4s Weathering resistance 2 
25 The ink composition and the reaction solution were 

Pointed in combination by the recording apparatus 
according to the present invention on an aluminum plate 
or an iron plate to form blotted images, followed by 
washing with water to prepare prints. The prints were 
30 subjected to a salt spray test at 25°C for 2 months, and 
were then evaluated according to the following criteria. 
At None of elimination, blistering, and peeling 

occurred at all in the printed portion. 

B: Elimination, blistering, and peeling slightly 
35 occurred in the printed portion. 

C* The printed p rtion was completely liminated or 
peeled off, and was rusted. 
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g^li^tinn 5; Election stability 

The ink composition was loaded into a recording 
head in the recording apparatus according to the present 
invention, and 1000 ruled lines were continuously 
5 printed. The prints were then visually inspected for 
dropouts, scattering of ink, and ink droplet trajectory 
directionality problem (deviation from predetermined ink 
droplet impact points), followed by the evaluation of 
the number of lines , suffering from the above problems, 
10 out of the printed 1000 lines according to the following 
criteria . 

A: An incidence of less than 10% 
Bs An incidence of 10 to 50% 
C: An incidence of more than 50% 
15 The results of the print evaluation test were as 

Cm shown in Table D4 below. 
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fjxampl e E 
Prpparat .i^n nf rfifiin emulsion E 
tt^gin emulsion 1 

A reaction vessel equipped with a stirrer, a 
5 thermometer, a reflux condenser, and a dropping funnel 
was charged with 100 g of ion-exchanged water and 0.2 g 
of potassium persulfate. The internal temperature of the 
reaction vessel was raised to 7 0°C under stirring while 
replacing the air in the reaction vessel by nitrogen . 
10 Separately, 100 g of ion-exchanged water, 2 g of sodium 
dodecylbenzenesulfonate, 60 g of styrene, 80 g of butyl 
acrylate, 10 g of methacrylic acid, and 20 g of 
methacryloyl diacetylmethane were stirred to mix them 
together. Thus, an emulsion was prepared. This emulsion 
15 was gradually added dropwise to the reaction vessel 
through the dropping funnel . The resin emulsion thus 
obtained was cooled to room temperature, adjusted to 
jl solid content 35% by weight and pH 8 by the addition of 

a ion-exchanged water and aqueous ammonia, and then passed 

P • 

i2 20 through a 0.2-nm filter. The average particle diameter 
ry was measured by a laser scattering method and found to 

be 180 nm. The resin emulsion particles had a glass 
transition point of 5°C- The resin emulsion had a 
minimum film-forming temperature of 20°C. When 3 volumes 
25 of a resin emulsion containing 0.1% by weight of the 
resin emulsion particles was brought into contact with 
one volume of a 1 mol/liter aqueous magnesium nitrate 
solution, the time required for the transmission of 
light having a wavelength of 700 nm to become 50% of the 
30 initial value (half-value period) was 500 sec. The 
contact angle of a resin emulsion, prepared so as to 
contain 10% by weight of the resin emulsion particles, 
on a teflon sheet was 80 degrees. 
Rgflin emulsion 2 
35 a reaction vessel equipped with a stirrer, a 

thermometer, a reflux condenser, and a dropping funnel 
was charged with 100 g of ion-exchanged water and 0.2 g 
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of potassium persulfate. Th internal temperature of the 
reaction vessel was raised to 70°C under stirring while 
replacing the air in the reaction vessel by nitrogen. 
Separately, 100 g of ion-exchanged water, 2 g of sodium 
5 dodecylbenzenesulfonate, 60 g of styrene, 80 g of n- 
lauryl methacrylate f 10 g of methacrylic acid, 5 g of 
acrylamide, and 20 g of 2-acetacetoxyethyl methacrylate 
were stirred to mix them together. Thus, an emulsion was 
prepared. This emulsion was gradually added dropwise to 
10 the reaction vessel through the dropping funnel. The 
resin emulsion thus obtained was cooled to room 
temperature, adjusted to solid content 35% by weight and 
pH 8 by the addition of ion-exchanged water and aqueous 
ammonia, and then passed through a 0.1 -nm filter. The 
15 average particle diameter was measured by a laser 
scattering method and found to be 90 nm. The resin 
y emulsion particles had a glass transition point of 8°C. 

!■* The resin emulsion had a minimum film-forming 

q temperature of 23°C. When 3 volumes of a resin emulsion 

20 containing 0,1% by weight of the resin emulsion 
particles was brought into contact with one volume of a 
1 mol/liter aqueous magnesium nitrate solution, the time 
required for the transmission of light having a 
wavelength of 7 00 nm to become 50% of the initial value 
25 (half -value period) was 10 sec. The contact angle of a 
resin emulsion, prepared so as to contain 10% by weight 
of the resin emulsion particles, on a teflon sheet was 
83 degrees . 

Rgfiin emulsion 3 
30 A reaction vessel equipped with a stirrer, a 

thermometer, a reflux condenser, and a dropping funnel 
was charged with 900 g of ion-exchanged water and 4 g of 
sodium laurylsulfate. The internal temperature of the 
reaction vessel was raised to 70°c under stirring while 
35 replacing the air in the reaction vess 1 by nitrogen. 
While maintaining the internal temperature of th 
reaction vessel at 70°C, 2 g of potassium persulfate as a 
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polymerization initiator was added to and dissolved in 
the contents of the reaction vessel. Subsequently, an 
emulsion previously prepared by adding 450 g of ion- 
exchanged water, 3 g of sodium laurylsulf ate, 435 g of 
5 styrene, 20 g of acrylamide, 475 g of butyl acrylate, 30 
g of methacrylic acid, 50 g of 2-acetacetoxyethyl 
methacrylate, and 4 g of ethylene glycol dimethacrylate 
with stirring was then continuously and gradually added 
dropwise through a dropping funnel to the reaction 
10 vessel over a period of 3 hr. After the completion of 
the dropwise addition, the mixture was ripened for 3 hr. 

The resin emulsion thus obtained was cooled to 
^ room temperature, adjusted to solid content 35% by 

Q weight and pH 8 by the addition of ion-exchanged water 

Jri 15 and aqueous ammonia/ and then passed through a (Kl-|im 
Cfi filter* The average particle diameter was measured by a 

laser scattering method and found to be 90 nm. The resin 
emulsion particles had a glass transition point of 8°c. 
33 ihe resin emulsion had a minimum film-forming 

§2 20 temperature of 23°C. When 3 volumes of a resin emulsion 
fU containing 0-1% by weight of the resin emulsion 

S particles was brought into contact with one volume of a 

fU 1 mol/liter aqueous magnesium nitrate solution, the time 

required for the transmission of light having a 
25 wavelength of 700 nm to become 50% of the initial value 
(half-value period) was 6 sec. The contact angle of a 
resin emulsion, prepared so as to contain 10% by weight 
of the resin emulsion particles, on a teflon sheet was 
110 degrees. 
30 R^sin emulsion 4 

A reaction vessel equipped with a stirrer/ a 
thermometer, a reflux condenser, and a dropping funnel 
was charged with 900 g of ion-exchanged water and 4 g of 
sodium laurylsulf ate. The internal temperature of the 
3 5 reaction vessel was raised to 70°C under stirring while 
replacing th air in the reaction vessel by nitrogen, 
while maintaining the internal temperature of the 
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reaction vessel at 7 0°C, 2 g of potassium persulfate as a 
polymerization initiator was added to and dissolved in 
the contents of the reaction vessel. subsequently , an 
emulsion previously prepared by adding 450 g of ion- 
5 exchanged water , 3 g of sodium laurylsulf ate, 435 g of 
styrene, 475 g of butyl acrylate, 30 g of 2- 
acryloylamino-2-methylpropanesulf onic acid, 50 g of 
methacryloyl diacetylmethane, and 4 g of diethylene 
glycol dimethacrylate with stirring was then 
10 continuously and gradually added dropwise through a 
dropping funnel to the reaction vessel over a period of 
3 hr. After the completion of the dropwise addition, the 
mixture was ripened for 3 hr. 

The resin emulsion thus obtained was cooled to 
15 room temperature, adjusted to solid content 35% by 
m weight and pH 8 by the addition of ion-exchanged water 

and aqueous ammonia, and then passed through a 0 . 
filter. The average particle diameter was measured by a 
laser scattering method and found to be 95 nm. The resin 
20 emulsion particles had a glass transition point of 8°C. 
rU The resin emulsion had a minimum film-forming 

q temperature of 20°C- when 3 volumes of a resin emulsion 

fy containing 0.1% by weight of the resin emulsion 

particles was brought into contact with one volume of a 
25 1 mol/liter aqueous magnesium nitrate solution, the time 
required for the transmission of light having a 
wavelength of 700 nm to become 50% of the initial value 
(half-value period) was 6 sec. The contact angle of a 
resin emulsion, prepared so as to contain 10% by weight 
30 of the resin emulsion particles , on a teflon sheet was 
115 degrees. 

Resin Bamlaioa 5 

A reaction vessel equipped with a stirrer, a 
thermomet r, a r flux condenser, and a dropping funnel 
35 was charged with 900 g of ion-exchang d water- The 
internal temperature of the reaction vessel was raised 
to 70°C while replacing the air in the reaction vessel by 
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nitrogen under stirring. While holding the internal 
temperature of the reaction vessel at 70°C, 2 g of 
potassium persulfate as a polymerization initiator was 
added to and dissolved in the contents of the reaction 
5 vessel. Subsequently, an emulsion previously prepared by 
adding 70 g of ion-exchanged water, 1 g of sodium 
laurylsulfate, 53 g of styrene, 59 g of butyl acrylate, 
and 0.16 g of t-dodecylmercaptan as a molecular weight 
modifier under stirring was then continuously added 
10 dropwise to the reaction vessel over a period of one hr. 
After the completion of the dropwise addition, the 
mixture was ripened for one hr. 

Subsequently, an emulsion previously prepared by 
Q adding 79 g of styrene, 80 g of butyl acrylate, and 0.16 

15 g of t-dodecylmercaptan to 70 g of ion-exchanged water, 
tH 1 g of sodium laurylsulfate, and 1 g of acrylamide under 

stirring was continuously added dropwise to the reaction 
vessel over a period of one hr. After the completion of 
L, the dropwise addition, the mixture was ripened for one 

H 20 hr. 

fS An aqueous solution of 2 g of ammonium persulfate 

p as a polymerization initiator dissolved in 20 g of ion- 

N exchanged water was then added to the reaction vessel. 

Further, an emulsion previously prepared by adding 300 g 
25 of ion-exchanged water, 2 g of sodium laurylsulfate, 40 
g of 2-acetacetoxyethyl methacrylate , 16 g of acrylamide, 
298 g of styrene, 297 g of butyl acrylate, 29 g of 
methacrylic acid, and 0.65 g of t-dodecylmercaptan under 
stirring was continuously added dropwise to the reaction 
30 vessel over a period of 3 hr. The resin emulsion thus 
obtained was cooled to room temperature, adjusted to 
solid content 35% by weight and pH 8 by the addition of 
ion-exchanged water and agueous ammonia, and then passed 
through a 0.1-(im filter. The average particle diameter 
35 was measured by a laser scattering method and found to 
be 90 nm. The resin emulsion particles had a glass 
transition point of 8"C. The resin emulsion had a 
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minimum film-forming temperature of 23°c. when 3 volumes 
of a resin emulsion containing 0.1% by weight of the 
resin emulsion particles was brought into contact with 
one volume of a 1 mol/liter aqueous magnesium nitrate 
5 solution, the time required for the transmission of 
light having a wavelength of 700 nm to become 50% of the 
initial value (half -value period) was 3 sec. The contact 
angle of a resin emulsion, prepared so as to contain 10% 
by weight of the resin emulsion particles, on a teflon 
10 sheet was 114 degrees. 

Rfsin crninl ai on 6 

A reaction vessel equipped with a stirrer, a 
thermometer, a reflux condenser, and a dropping funnel 
S was charged with 900 g of ion-exchanged water. The 

15 internal temperature of the reaction vessel was raised 
to 70*C while replacing the air in the reaction vessel by 
nitrogen under stirring. While holding the internal 
temperature of the reaction vessel at 70 8 C, 2 g of 
p potassium persulfate as a polymerization initiator was 

20 added to and dissolved in the contents of the reaction 
vessel. Subsequently, an emulsion previously prepared by 
adding 70 g of ion-exchanged water, 1 g of sodium 
laurylsulfate, 53 g of styrene, 59 g of butyl acrylate, 
48 g of glycidyl methacrylate, and 0.16 g of t- 
25 dodecylmercaptan as a molecular weight modifier under 
stirring was then continuously added dropwise to the 
reaction vessel over a period of one hr. After the 
completion of the dropwise addition, the mixture was 
ripened for one hr. 
30 Subsequently, an emulsion previously prepared by 

adding 79 g of styrene, 80 g of butyl acrylate, and 0.16 
g of t-dodecylmercaptan to 70 g of ion-exchanged water, 
1 g of sodium laurylsulfate, and 1 g of acrylamide under 
stirring was continuously added dropwise to the reaction 
35 vessel over a period of one hr. After the completion of 
the dropwise addition, the mixture was ripened for one 
hr. 
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An aqueous solution of 2 g of ammonium persulfate 
as a polymerization initiator dissolved in 20 g of ion- 
exchanged water was then added to the reaction vessel. 
Further, an emulsion previously prepared by adding 300 g 
of ion-exchanged water, 2 g of sodium laurylsulf ate, 4 0 
g of diethyl methacryloy lmalonate , 16 g of acrylamide, 
298 g of styrene, 297 g of butyl acrylate, 29 g of 
methacrylic acid, and 0.65 g of t-dodecylmercaptan under 
stirring was continuously added dropwise to the reaction 
vessel over a period of 3 hr. The resin emulsion thus 
obtained was cooled to room temperature, adjusted to 
solid content 35% by weight and pH 8 by the addition of 
ion-exchanged water and aqueous ammonia, and then passed 
through a 0.1-nra filter. The average particle diameter 
p. 15 was measured by a laser scattering method and found to 
g! be 90 nm. The resin emulsion particle had a glass 

^ transition point of 8°C. The resin emulsion had a 

minimum film- forming temperature of 23°C. when 3 volumes 
of a resin emulsion containing 0.1% by weight of the 
20 resin emulsion particles was brought into contact with 
one volume of a 1 mol/liter aqueous magnesium nitrate 
§ J1 solution, the time required for the transmission of 

fy light having a wavelength of 700 nm to become 50% of the 

initial value (half -value period) was 3 sec. The contact 
25 angle of a resin emulsion, prepared so as to contain 10% 
by weight of the resin emulsion particles , on a teflon 
sheet was 114 degrees* 

was in emulsion 7 (comparative example) 
A reaction vessel equipped with a stirrer, a 
30 thermometer, a reflux condenser, and a dropping funnel 
was charged with 100 g of ion-exchanged water and 0.2 g 
of potassium persulfate. The internal temperature of the 
reaction vessel was raised to 7 0°C under stirring while 
replacing the air in the reaction vessel by nitrogen. 
35 Separately, 100 g of ion-exchanged water, 2 g of sodium 
dodecylbenzenesulfonate, 60 g of styrene, 80 g of n- 
lauryl methacrylate, 0-2 g of methacrylic acid, and 20 g 
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of methacryloylacetone (prepared according to Makromol. 
Chem., 29, 151 (1959)) were stirred to mix them together. 
Thus, an emulsion was prepared. This emulsion was 
gradually added dropwise to the reaction vessel through 
5 the dropping funnel. The resin emulsion thus obtained 
was cooled to room temperature, adjusted to solid 
content 35% by weight and pH 8 by the addition of ion- 
exchanged water and aqueous ammonia, and then passed 
through a 0.2-nm filter. The average particle diameter 
10 was measured by a laser scattering method and found to 
be 180 nm. The resin emulsion particles had a glass 
transition point of 0°C The resin emulsion had a 
minimum film- forming temperature of 15°C. When 3 volumes 
of a resin emulsion containing 0.1% by weight of the 
r - 15 resin emulsion particles was brought into contact with 
ft one volume of a 1 mol /liter aqueous magnesium nitrate 

solution, the time required for the transmission of 
light having a wavelength of 700 nm to become 50% of the 
initial value (half-value period) was 500 sec. The 

o 

|4 20 contact angle of a resin emulsion, prepared so as to 
W contain 10% by weight of the resin emulsion particles, 

Q on a teflon sheet was 50 degrees. 

fl 0g in Piimifiinn 8 f comparative example) 
A reaction vessel equipped with a stirrer, a 
25 thermometer, a reflux condenser, and a dropping funnel 
was charged with 900 g of ion-exchanged water and 4 g of 
sodium laurylsulfate. The internal temperature of the 
reaction vessel was raised to 70°C under stirring while 
replacing the air in the reaction vessel by nitrogen. 
30 While maintaining the internal temperature of the 
reaction vessel at 70 8 C, 2 g of potassium persulfate as a 
polymerization initiator was added to and dissolved in 
the contents of the reaction vessel. subsequently, an 
emulsion previously prepared by adding 450 g of ion- 
35 xchanged water, 3 g of sodium laurylsulfate, 435 g of 
styrene, 20 g of acrylamide, 475 g of methyl 
met hacry late, 30 g of methacrylic aeid, 50 g of 2- 
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acetacetoxyethyl methacrylate, and 4 g of ethylene 
glycol dimethacrylate with stirring was then 
continuously and gradually added dropwise through a 
dropping funnel to the reaction vessel over a period of 
5 3 hr. After the completion of the dropwise addition, the 
mixture was ripened for 3 hr. 

The resin emulsion thus obtained was cooled to 
room temperature, adjusted to solid content 35% by 
weight and pH 8 by the addition of ion-exchanged water 
10 and aqueous ammonia, and then passed through a 0.1-jun 
filter. The average particle diameter was measured by a 
laser scattering method and found to be 90 nm. The resin 
I* emulsion particles had a glass transition point of 110°C. 

O The resin emulsion had a minimum film-forming 

fl 15 temperature of 125°C When 3 volumes of a resin emulsion 
J containing 0.1% by weight of the resin emulsion 

fH particles was brought into contact with one volume of a 

§S 1 mol /liter aqueous magnesium nitrate solution, the time 

^ required for the transmission of light having a 

wavelength of 700 nm to become 50% of the initial value 
(half -value period) was 6 sec. The contact angle of a 
resin emulsion, prepared so as to contain 10% by weight 
of the resin emulsion particles, on a teflon sheet was 
110 degrees. 

25 vrpparat int. nf ink composition _E 

Ink compositions as indicated in Tables El to E3 
below were prepared as follows. 

Blank Ink 1 

carbon black MA 7 manufactured by Mitsubishi 
30 Chemical Corporation (5% by weight), 1% by weight of an 
ammonium salt of a styrene/acrylic acid copolymer 
(molecular weight 7,000, polymer component 38%), and 25% 
by weight or ion-exohanged water vers mixed together, 

followed by diiporeion in a Band mili £or 2 hr t0 

3 5 pr pare a carbon black dispersion. Separately, 15% by 
weight of glycerin, 5% by weight of maltitol, 5% by 
weight of 2 -pyrrol idone, 1% by weight of triethanolamine, 
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and 1% by weight of potassium hydroxide were added to 
26.1% by weight of ion-exchanged water, and the mixture 
was stirred at room temperature for 20 min to prepare a 
solution. The resin emulsion 1 was added to this 
5 solution so that the content of the resin emulsion 
particles of the resin emulsion 1 was 5% by weight based 
on the ink composition, followed by mixing with stirring. 
Next, this mixture was gradually added dropwise to the 
above carbon black dispersion with stirring, and the 
10 mixture was thoroughly stirred at room temperature, and 
was then passed through a 5-nrn membrane filter to 
prepare an ink composition. 

Black ink 2 and black ink 3 were prepared in the 

Q same manner as described above. 

M 15 Erspaiafcign Qf c v an ink 1 

C.I. Pigment Blue 15 s 3 (5% by weight), 1% by 
weight of an ammonium salt of a styrene/acrylic acid 
copolymer (molecular weight 7,000, polymer component 
■ 38%), and 15% by weight of ion-exchanged water were 

S 20 mixed together, followed by dispersion in a sand mill 
, for 2 hr to prepare a pigment dispersion of C.I. Pigment 
q Blue 15 : 3. An aqueous ethylenediaroinetetraacetic acid 

nj solution previously prepared by dissolving 0.1% by 

weight of ethylenediaminetetraacetic acid in 5% by 
25 weight of ion-exchanged water was added to this pigment 
dispersion, followed by mixing with stirring. 
Separately, 15% by weight of glycerin,, 5% by weight of 
xylose, 5% by weight of 2 -pyrrol idone, 1% by weight of 
triethanolamine, and 1% by weight of potassium hydroxide 
30 were added to 16.7% by weight of ion-exchanged water, 
and the mixture was stirred at room temperature for 20 
min to prepare a solution. The resin emulsion 3 was 
added to this solution so that the content of the resin 
emulsion particles of the resin emulsion 3 was 10% by 
35 weight based on the ink composition, followed by mixing 
with stirring. Next, this mixture was gradually added 
dropwise to th above pigment dispersion with stirring, 
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and the mixture was thoroughly stirred at room 
temperature, and was then passed through a 5-jim membrane 
filter to prepare an ink composition. 

Cyan inks 2 to 6, magenta inks 1 to 6, yellow inks 
1 to 6, and black ink 4 were prepared in the same manner 
as described above. 
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preparation of rpactinn solution E 

The following ingredients were mixed together to 
prepare a reaction solution. 

a^acjt-.iQ TI Solution 1 

5 Magnesium nitrate hexahydrate 25 wt% 

Triethylene glycol mbnobutyl ether 10 wt% 

Glycerin 20 ^ % 

0.5 wt% 

Ammonia 

Pure water Balance 
10 pr-inl- evaluation test E 

The ink composition and the reaction solution 
prepared above were printed in combination by the 
recording apparatus according to the present invention 
on a PET (polyethylene terephthalate) film, an aluminum 
15 plate, an iron plate, an SBR sheet, and a glass plate, 
followed by washing with water to prepare prints, 
y T^ralnatimi 1 ' EiXAtian 

I* In the prints, the printed portion was rubbed with 

q a water-base yellow fluorescent marker pen (ZEBRA PEN 2 

P 20 (tradename)) manufactured by ZEBRA at a marking force of 
4.9 N/mm 2 , and the fixation of ink was evaluated 
according to the following criteria. 
m A: The separation of the printed portion did not 

occur at all. 

25 b : The separation of the printed portion slightly 

occurred. 

C: The printed portion was completely separated. 
Evaluation 2: fnlor blading 

In the prints, the printed portion was visually 
30 inspected for uneven color mixing in boundaries of 
different colors, followed by evaluation according to 
the following criteria. 

A: There was no color mixing. 
B: There was slight color mixing. 
35 c: There was significant color mixing on such a 

level that rendered the boundaries of different colors 
unclear. 
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p va< -| na fion y Ejsf!tinn stability 

The ink composition was loaded into a recording 
head in the recording apparatus according to the present 
invention, and 1000 ruled lines were continuously 
printed. The prints were then visually inspected for 
dropouts, scattering of ink, and ink droplet trajectory 
directionality problem (deviation from predetermined ink 
droplet impact points), followed by the evaluation of 
the number of lines, suffering from the above problems, 
out of the printed 1000 lines according to the following 

criteria. 

A: An incidence of less than 10% 
Bs An incidence of 10 to 50% 
C: An incidence of more than 50% 

The results of evaluations 1 to 3 were as shown in 



10 

o 
m 

pi Table E4 below 

fd 



ru 
m 



'02$01jj25B(£) 17lfl2# JBfe: LAD, 



ffi: KYOWA PATENT. T 

0058 



R : 3 9 6 



P. 51/82 



1=* 
O 
o 

m 



so 



ru 
m 
a 



c 

o <» 

> ?*i 

U OA 



•HH 
© 0 

-rvp 
9 to 



o o 

O D 

<flr-l 

ffl o 



0 o 

01 O 
tf TO 



C C 
O O 

0 P 

« r-l 

SO 
CD 



0 S 
o o 

H 
O iH 

a> o 



S3 C 

o o 

m o 
(2 Q 



J* 

-I C 



M 



-3-3 

O =J 

(8r-l 

CD O 



CM 

cm 



3 -P > 

c o 



id <D 



X 

6Q 



o o 

O S3 
«J rH 



5 a 



o o 

© O 

as n 



fr4 



x 



c 
o 

o 
© o 



i 



c a 
o o 

-H-rl 

Q> O 



in 

m 



X 

u w 



c c 

o o 

al «H 

« O 

at ca 



5s -H 



0 a 



3 8.: 



id 



'02f01j]25B($)17lfl3# J&:LADA^^ Jj-KYOWA PATENT, IKY R : 3 9 6 P. 52/82 

147 





flvample F 

prpparati o n of reaorion solution F 

Reaction solutions were prepared according to 
formulations indicated in Table Fl below. "Fine 
5 particles of cationic polymer" in Table Fl were prepared 

by the following method. 

Prf r^ a tinn Q f fi»* parti ries of cationic polymer 
To a reaction vessel equipped with a stirrer, a 
reflux condenser, a dropping device, a thermometer, and 
10 a nitrogen inlet tube were placed 600 ml of ion- 
exchanged water, 50 g of styrene, 100 g of butyl 
acrylate, and 15 g of a 70% aqueous solution of dimethyl 
methacrylate aminoethylbenzyl chloride. The internal 
temperature of the reaction vessel was raised to 80°C, 
15 and the air in the reaction system was then replaced by 
nitrogen gas. 

fii Next, 50 g of styrene, 100 g of butyl acrylate, and 

15 g of a 70% aqueous solution of dimethyl methacrylate 
aminoethylbenzyl chloride were fed to the reaction 
20 system at a constant rate over a period of 4 hr to allow 
fU a reaction to proceed. At the same time, 40 g of a 5% 

S aqueous solution of 2 ,2 '-azobis(2-amidinopropane) 

ft) dihydrochloride was fed to the reaction system at a 

constant rate over a period of 5 hr to allow a reaction 
25 to proceed. The reaction product was cooled and was then 
filtered through a 0.1-um filter to prepare an aqueous 
emulsion of fine particles of a cationic polymer. The 
fine particles of a cationic polymer had a glass 
transition point of -15°C, and the aqueous emulsion of 
30 fine particles of a cationic polymer had a solid content 
of 35% and a minimum film- forming temperature of 5°C. 
The average particle diameter of the fine particles of a 
cationic polymer was measured with a particle diameter 
measuring device by a light scattering method 
35 (Microtrack UFA, manufactured by Leeds & Northrop) and 
was found to be 80 nm. 

The glass transition point was measured by thinly 
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spreading several grams of the aqueous emulsion of the 
fine particles of a cationic polymer to form a film, 
drying the film at 70°C for 1 hr or more, extracting a 
sample from the dried film, and measuring the glass 
5 transition point with a differential scanning 
calorimeter (DSC) at a temperature rise rate of 10°C/min. 

The minimum film-forming temperature was measured 
as follows. A minimum film-forming temperature measuring 
device was provided, and the aqueous emulsion of the 
10 fine particles of a cationic polymer was thinly spread 
onto a sample plate made of aluminum in the measuring 
device. The temperature of the coating was raised to 
.. measure the minimum temperature at which a transparent 

5 continuous film was formed. This minimum temperature was 

15 regarded as the minimum film-forming temperature. 

The measurement of the glass transition point of 
W resin emulsion particles and the measurement of the 

minimum film-forming temperature of resin emulsions 
described below were carried out according to these 
2 0 methods . 
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EjcepacaLlon " f iT1K compos i t. i on F 

Ink compositions were prepared according to 
formulations shown in Tables F2 and F3 below. "Resin 
emulsions 1 to 5" in Table F2 and "dispersions of 
pigments" in Table F3 were prepared by the following 

methods . 

PT^paratiQ P r,f ires in emulsion F 

Posin emulsion 1 

A reaction vessel equipped with a stirrer, a reflux 
condenser, a dropping device, a thermometer, and a 
nitrogen inlet tube was charged with 100 ml of ion- 
exchanged water and 0.1 g of 'potassium persulfate. The 
air in the system was replaced by nitrogen gas, and the 
internal temperature of the system was raised to 70°C. 
15 Separately, 100 ml of ion-exchanged water, 1.0 g of 

sodium dodecylbenzenesulfonate, 30 g of styrene, 55 g of 
y butyl aery late, 5 g of methacrylic acid, and 1 g of 

^ acrylamide were stirred to prepare an emulsion. This 

q emulsion was added dropwise to the contents of the 

reaction vessel through a dropping funnel, and a 
reaction was allowed to proceed at 70°C for 6 hr. The 
reaction mixture was cooled to room temperature and was 
then subjected to pH adjustment with aqueous ammonia as 
a neutralizing agent, followed by filtration through a 
25 0.4-nm filter to prepare a resin emulsion. This resin 
emulsion particles had a glass transition point of -15°C. 
The resin emulsion had a minimum film-forming 
temperature of 5°C- The average particle diameter of the 
resin emulsion particles was measured with Microtrack 
30 UPA and was found to be 100 nm. 
Ff>fiin pmiilsion 2 

A reaction vessel equipped with a stirrer, a 
thermometer, a reflux condenser, and a dropping funnel 
was charged with 900 g of ion-exchanged water. The 
3 5 internal temperature of the reaction vessel was raised 
to 70°C with stirring while replacing the air in the 
reaction v ssel by nitrogen. While maintaining the 
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internal temperature at 70°C, 4 g of potassium persulfate 
as a polymerization initiator was added to and dissolved 
in the ion-exchanged water. Separately, 70 g of ion- 
exchanged water, 1 g of sodium laurylsulfate, 53 g of 
styrene, 59 g of butyl acrylate, 48 g of glycidyl 
methacrylate, and 0.16 g of t-dodecylmercaptan as a 
molecular weight modifier were stirred to prepare an 
emulsion. This emulsion was then continuously added 
dropwise to the contents of the reaction vessel over a 
period of 1 hr. After the completion of the dropwise 
addition, the mixture was ripened for one hr. 

Subsequently, an emulsion prepared by adding 79 g 
of styrene, 80 g of butyl acrylate, and 0.16 g of t- 
h dodecylmercaptan to 70 g of ion-exchanged water, 1 g of 

*3 15 sodium laurylsulfate, and 1 g of acrylamide with 
In . 

stirring was then continuously added dropwise to the 

fU contents of the reaction vessel over a period of 1 hr. 

12 After the completion of the dropwise addition, the 

a mixture was ripened for one hr. 

Q 20 A solution of 4 g of ammonium persulfate as a 

fU polymerization initiator in 20 g of ion-exchanged water 

Vj was then added to the contents of the reaction vessel. 

Q 

|Tj Further, an emulsion, prepared by adding 29 8 g of 

styrene, 297 g of butyl acrylate, 29 g of methacrylic 

25 acid, and 0.65 g of t-dodecylmercaptan to 300 g of ion- 
exchanged water, 2 g of sodium laurylsulfate, and 16 g 
of acrylamide with stirring, was continuously added 
dropwise to the contents of the reaction vessel over a 
period of 3 hr. The resultant resin emulsion was cooled 

30 to room temperature and was then adjusted to a solid 
content of 35% by weight and pH 8 by the addition of 
ion-exchanged water and aqueous ammonia, followed by 
filtration through a 0.1-nm filter. The average particle 
diameter of the resin emulsion particles was measured 

35 with Microtrack UP A and was found to be 90 nm. 

The resin emulsion particles thus obtained had a 
glass transition point of 17°C. The r sin emulsion had a 
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minimum film- forming temperature of 24°C. when 3 volumes 
of an aqueous emulsion containing 0.1% by weight of the 
resin emulsion particles was brought into contact with 
one volume of a 1 mol/liter aqueous magnesium nitrate 
5 solution, the time required for the transmission of 
light having a wavelength of 700 nm to become 50% of the 
initial value (half -value period) was 10 sec. The 
contact angle of an aqueous emulsion, prepared so as to 
contain 10% by weight of the resin emulsion particles, 
10 on a teflon sheet was 108 degrees. 
Rfsiri Pimilsion 3 

A reaction vessel equipped with a stirrer, a reflux 
u condenser, a dropping device, a thermometer, and a 

O nitrogen inlet tube was charged with 200 ml of distilled 

° 15 water and 0.6 g of sodium dodecylbenzenesulfonate. The 
m reaction vessel was heated to raise the internal 

P\ temperature of the reaction vessel to 70°C with stirring 

%■ in a nitrogen atmosphere, and 2 g of potassium 

s persulfate was then added. 

S 20 separately, 50 g of butyl acrylate, 40 g of styrene, 

Kj 5 g of acrylamide, 5 g of acrylic acid, 0.1 g of t- 

2 dodecylmercaptan, 5 g of a monomer having a skeleton 

rU with ultraviolet absorbing activity, 2-(2 '-hydroxy-5 • - 

methacryloxyethylphenyl) -2H-benzotriazole (RUVA-93 , 

25 manufactured by Otsuka Chemical Co., Ltd.), 1 g of a 
monomer having a skeleton with photostabilizing activity, 
l,2,2,6,6-pentamethyl-4-piperidyl methacrylate (ADEKA 
STAB LA-82, manufactured by Asahi Denka Kogyo Ltd.), and 
2 g of ethylene glycol dimethacrylate were mixed 
3 0 together to prepare a solution. This solution was then 
added dropwise to the contents of the reaction vessel. 

A reaction was further allowed to proceed at 7 0°C 
for 6 hr. The reaction vessel was then cooled to room 
temperature, and the pH value of the reaction mixture 
35 was adjusted by the addition of aqueous ammonia as a 
neutralizing agent, followed by filtration through a 
0.4-Mm filter to prepare a resin emulsion containing, as 
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dispersed particles, fine particles of a polymer having 
in its structure sites possessing ultraviolet absorbing 
activity and photostabili2ing activity. 

The resin emulsion particles thus obtained had a 
5 glass transition point of 8°C. The resin emulsion had a 
glass transition point of 20°C, a minimum film-forming 
temperature of 25°C, a surface tension of 58 x 10" 3 N/m, a 
contact angle of 90 degrees, an average particle 
diameter of 0.1 nm (as measured with Microtrack upa) , 
10 and a half-value period in a reaction with Mg J+ ion of 7 0 

P^Bin gmnlftion 4 

jj, A reaction vessel equipped with a stirrer, a 

2 thermometer, a reflux condenser, and a dropping funnel 

5 15 was charged with 900 g of ion-exchanged water and 4 g of 
sodium laurylsulfate. The internal temperature of the 
reaction vessel was raised to 70 8 c with stirring while 
f* replacing the air in the reaction vessel by nitrogen. 

q while maintaining the internal temperature at 7 0°C, 2 g 

y° 20 of potassium persulfate as a polymerization initiator 
fM was added to and dissolved in the ion-exchanged water. 

□ Separately, 450 g of ion-exchanged water, 3 g of 

PJ sodium laurylsulfate, 435 g of styrene, 20 g of 

acrylamide, 475 g of butyl acrylate, 30 g of methacrylic 
25 acid, 50 g of heptadecaf luorodecyl methacrylate, and 4 g 
of ethylene glycol dimethacrylate were stirred to 
prepare an emulsion. This emulsion was continuously 
added dropwise to the contents of the reaction vessel 
over a period of 3 hr. After the completion of the 
30 dropwise addition, the mixture was ripened for one hr. 
The resultant resin emulsion was cooled to room 
temperature and was then adjusted to a solid content of 
35% by weight and pH 8 by the addition of ion-exchanged 
water and aqueous ammonia, followed by filtration 
35 through a 0.1-nm filter. The average particle diameter 
was measured with Microtrack UPA and was found to be 90 
nm. The resin emulsion particles thus obtained had a 
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glass transition point of 9°C. The resin emulsion had a 
minimum film- forming temperature of 24°C When 3 volumes 
of a resin emulsion containing 0.1% by weight of the 
resin emulsion particles was brought into contact with 
5 one volume of a 1 mol /liter aqueous magnesium nitrate 
solution, the time required for the transmission of 
light having a wavelength of 700 nm to become 50% of the 
initial value (half-value period) was 5 sec. The contact 
angle of a resin emulsion, prepared so as to contain 10% 
10 by weight of the resin emulsion particles, on a teflon 
sheet was 110 degrees. 

Rf*<Hn emulsion 5 

A reaction vessel equipped with a stirrer, a 
thermometer r a reflux condenser, and a dropping funnel 
15 was charged with 900 g of ion-exchanged water and 4 g of 
sodium laurylsulfate. The internal temperature of the 
reaction vessel was raised to 70°C with stirring while 
replacing the air in the reaction vessel by nitrogen. 
While maintaining the internal temperature at 70°C, 2 g 
20 of potassium persulfate as a polymerization initiator 
was added to and dissolved in the ion-exchanged water • 
y Separately, 450 g of ion-exchanged water, 3 g of 

ij sodium laurylsulfate, 435 g of styrene, 475 g of butyl 

acrylate, 30 g of 2-acryloylamino-2- 

25 methylpropanesulfonic acid, 50 g of 

methacryloyldiacetylmethane, and 4 g of diethylene 
glycol dimethacrylate were stirred to prepare an 
emulsion. This emulsion was continuously added dropwise 
to the contents of the reaction vessel over a period of 
3 0 3 hr. After the completion of the dropwise addition, the 
mixture was ripened for 3 hr. The resultant resin 
emulsion was cooled to room temperature and was then 
adjusted to a solid content of 35% by weight and pH 8 by 
the addition of ion-exchanged water and aqueous ammonia, 

3 5 followed by filtration through a 0.1-fxm filter. The 
average particle diameter was measured with Microtrack, 
UPA and was found to be 95 nm. The resin emulsion 
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particles thus obtained had a glass transition point of 
8°c, The resin emulsion had a minimum film-forming 
temperature of 20°C* When 3 volumes of a resin emulsion 
containing 0.1% by weight of the resin emulsion 
5 particles was brought into contact with one volume of a 
1 mol/liter aqueous magnesium nitrate solution , the time 
required for the transmission of light having a 
wavelength of 700 nm to become 50% of the initial value 
(half-value period) was 6 sec. The contact angle of a 
10 resin emulsion, prepared so as to contain 10% by weight 
of the resin emulsion particles , on a teflon sheet was 
115 degrees. 

^ Preparat ion twigroencansnlated colorants 

Q The following aqueous dispersions of pigments were 

5 15 prepared as microencapsulated colorants. 

5 Aqueous <j l i spars -inn of magenta pigment 

fU c.I. Pigment Red 122 (100 g) and 60 g of a 

U polymerizable surfactant SE-10N manufactured by Asahi 

* Denka Kogyo Ltd. were added to 1,000 g of ion-exchanged 

si 

5 20 water. Ultrasonic waves generated by an ultrasonic 
fU generator were applied to the mixture for 2 hr to 

}£j perform dispersion/ followed by dispersion in a sand 

fij mill for about 2 hr. The dispersion was introduced into 

a reaction vessel equipped with an ultrasonic generator, 
25 a stirrer r a temperature controller, a reflux condenser , 
and a dropping funnel. Subsequently , a mixed monomer 
solution, previously prepared by mixing 5 g of benzyl 
methacrylate, 15 g of butyl methacrylate, 10 g of 
dicyclopentanyl dimethacrylate, and 10 g of methacrylic 
3 0 acid together, and 1 g of potassium persulfate were 
further added to the reaction vessel, and a 
polymerization reaction was allowed to proceed at 60°C 
for 4 8 hr. The desired product thus obtained was 
adjusted to pH 8 by the addition of potassium hydroxide, 
35 and th n paased through a 0.4-nm filt r to row v coarse 
particles. Thus, the contemplated aqueous dispersion of 
magenta pigment was prepared. Th average particle 
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diameter was measured with Microtrack UPA and was found 
to be 80 nm. 

BmUfiOJlg disperginn nf ciyan pigment 

C.I- Pigment Blue 15 : 3 (100 g) and 60 g of a 
polyraerizable surfactant SE-10N manufactured by Asahi 
Denka Kogyo Ltd. were added to 1,000 g of ion-exchanged 
water. ultrasonic waves generated by an ultrasonic 
generator were applied to the mixture for 2 hr to 
perform dispersion, followed by dispersion in a sand 
mill for about 2 hr. The dispersion was introduced into 
a reaction vessel equipped with an ultrasonic generator, 
a stirrer, a temperature controller, a reflux condenser, 
^ and a dropping funnel. Subsequently, a mixed monomer 

Q solution previously prepared by mixing 10 g of 2- 

S 15 acrylamido-2-methylpropanesulfonic acid, 10 g of 
m acrylonitrile, 10 g of benzyl methacrylate, and 10 g of 

j* butyl methacrylate together and 1 g of potassium 

persulfate were further added to the reaction vessel, 
and a polymerization reaction was allowed to proceed at 
60°C for 48 hr. The desired product thus obtained was 
adjusted to pH 8 by the addition of potassium hydroxide, 
and then passed through a 0.4-nm filter to remove coarse 
particles. Thus, the contemplated aqueous dispersion of 
cyan pigment was prepared. The average particle diameter 
25 was measured with Microtrack UPA and was found to be 90 
nm. 

Arpi^ona dispersion of vpH OW pigment 

C.I- Pigment Yellow 185 (100 g) and 60 g of a 
polymerizable surfactant SE-10N manufactured by Asahi 
30 Denka Kogyo Ltd. were added to 1,000 g of ion-exchanged 
water. Ultrasonic waves generated by an ultrasonic 
generator were applied to the mixture for 2 hr to 
perform dispersion, followed by dispersion in a sand 
mill for about 2 hr. The dispersion was introduced into 
35 a reaction vessel equipped with an ultrasonic generator, 
a stirrer, a temperature controller, a reflux cond nser, 
and a dropping funnel. subsequently, a mixed monomer 
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solution, previously prepared by mixing 20 g of 
acrylonitrile and 20 g of dibutyl fumarate together, and 
1 g of potassium persulfate wer further added to the 
reaction vessel, and a polymerization reaction was 
5 allowed to proceed at 60°C for 48 hr. The desired 
product thus obtained was adjusted to pH 8 by the 
addition of potassium hydroxide, and then passed through 
a 0.4-nm filter to remove coarse particles. Thus, the 
contemplated aqueous dispersion of yellow pigment was 
10 prepared. The average particle diameter was measured 
with Microtrack upa and was found to be 70 nm. 



2 
m 



y 

Life 

s 

o 

Hi 

S XX 

m 

Isal 

ru 



'02$01jj25B (#) £^:LA^|^NY 0 Hb KYOWA PATENT, ^ ' R:3So P. 63/82 



w 



IU 

Ut 

ru 





i 






m 


r-l 










o 


in 

T"H 








m 






~* 




Bal- 
ance 


ink 5 


1 

© 

CP 

© 0 

s 




m 




•H 










o 


in 








in 






r-« 


fH 


1 9 

r-l U 
C C 
0) 0 




c 

c 
>- 


m 
















O 
-4 


m 
fH 








m 






«— » 


»H 


1 © 
•H O 

•0 c 
tn « 










tn 


t— 1 




> 


? 


o 




m 


ID 






in 






tH 


rH 


i © 

•H O 
© C 
CQ C 


Ink 4 


1 

© 
© 

© © 

** *■* 




m 




- 








o 




m 

rH 


m 






m 






- 


- 


1 © 
*H O 

« 13 
01 6 




c 
© 
>* 

u 








rH 








o 




m 


m 






m 






-H 


rH 


1 © 
H D 
© C 

n © 




1 

© B 






m 








o 

tH 






in 

rH 






Of 




in 




r-l 


- 


i © 

rH O 

© c 

4 © 


n 

j< 


1 

% 

tn 




m 










O 






m 






CM 




m 




fH 


- 


1 © 

*H O 
© C 


e 

n 








































CD « 




C 

© 

o 


m 






- 






O 






«n 

■H 




r> 


d 




m 




rH 


- 


1 9 
•H O 
a c 
n © 




"3 § 

>• ih: 






m 






«4 








m 




«n 


CM 






m 


- 




i © 

«H CI 

o c 
n © 


Ink 2 


G 
9 
tn 




m 




rH 




o 








m 




*i 


<M 






m 


- 


H 


i © 

rH O 

© c 

03 © 




c 

€1 

o 


in 






f-l 




» 








m 

r-l 




n 








m 




- 


I © 
■H O 

0 C 
« © 




1 

-1 3 
<D O 
> fH 






m 


—4 


o 










tn 

r-f 








in 






tH 


- 


J © 
© C 

n © 


Ink 1 


1 

C 
<D 




m 






<=> 
~H 










m 








tn 






tH 


H 


i © 

rH O 
© C 

n © 




0 

h 


if) 








O 

fH 










in 














■H 


rH 


i <0 

r-{ O 
QQ © 






•* 
m 

w4 
9 


a 

»H 
"0 

& 


8 

•H 

2 


J o «*» 


a 


w 
0 


fl 


©J 

e 


in 
5 




& 

—4 






© 


1 

*H 

5 

!k 


AS 

I o 


8 


•H 
i 

u 


& 

s 






*> 
c 
© 


4J 

c 


§ 


0 w© cn 
no o 


o 

-iH 
01 
■H 


o 

-H 

oa 

rH 


o 

© 


o 

•h. 

01 
•H 


-w 

01 
rH 




a 






0 
TJ 

-H 


Or 
1 

eg 


rH C 


a 
o 

•H 

o 


rN 

JZ 

% 

-H 
ca 


©> 
© 






•r4 


& 

-H 


a 

-H 


j <& e © 


=J 

e 


§ 


e 


a 
© 


§ 


C3 
-H 
U 


c 
© 


rH 
0 
4J 


© 


*H 

o 
u 


r 

•h 
>i 

JC 


rH 

e o 

-H ra 


c 
c 


0 
M 






D* 
H 


• 

M 


M r-» 


C d)H£ o 
0 M O tn a 

a >» cu*h e 

a *j o o o 

< Q U 3 O 


-5 

01 


C 
•H 

Q 


c 

■H 

(0 
© 


c 
•fH 
n 
9 


c 

0) 


O 

u 

rH 


© 


»H 
XI 
rH 
«f 


a 
O 


u 
>* 

Ai 
I 


© 
S 
1 


1 13 
^ B 


x> 
© 


0 
fP 

o 


© 
1 

C 
0 










- in 

O <H 


© 

03 


9 




OS 


© 

OS 




a 


z 


X 


CM 


SB 


— .H 


6^ 


p. 


H 



'02*01fl25g(#) 17|18# IfcL^NY M: KYOWA PATENT, jfc - R : 3 9 6 P 64/82 

^^■fi 0053 



CD 
rH 

a] 



c 



























CD 


























0 


o 










in 














C 


l-l 






CD 


in 




fn 


CM 




rH 




la 


























<s 


X 
























CQ 


as 
























CD 


+> 
























U 


c 

0) 




GO 




tn 


to 




o 




n 


• — 1 




an 


CP 


























CO 


























s: 
























CQ 


























CD 


























O 


g 
























C 


ya 


00 






m 


m 

rH 






CM 


m 


tH 


?— t 


la 


u 


















































ax 


























CD 


























o 












lO 














c 


rH 






QD 










in 


rH 


rH 


<0 


rH 






















rH 


0) 
























<0 


5* 
























CQ 


(0 
























CD 


4J 
























O 


fipn 




00 






in 

H 


cn 






m 


r-1 


rH 


lan 


(0 
























OJ 


s 
























CO 


























CD 


d 










tn 














o 
c 


<o 


<X> 








m 






m 


1 


rH 


CfJ 


>» 








•— t 












1— 1 


o 
























CO 


























CQ 
































c 


























o 


C 


























a> 






















G 




g 






















a) 


























g 






























a 
















































a 


J-> 


























a 


o 






















c 


CD 


i— i 
























Cn 


■-h 
























(0 


CP 
























6 


>, 






















of 


of 


o 










































a> 


If 




c 


c 




















CD 




0 


0 








,—1 










-H 


X) 




■H 




•H 


OJ 




0 










X 


<0 




(0 


CQ 


Hi 






o 








Q) 


o 






H 


M 


kl 


G 












c 








a) 




CD 


Q 










CD 


-H 








a 


8. 


CL 


-i-4 




a> 






G 


§ 


>i 


CD 




CD 


CO 


to 


CQ 














JZ 






-H 




-.-I 


rH 




CD 






% 


rH 




G 






■o 


-o 






a 








0 


B 


(0 










I 


C 


CD 


rH 




H 


c 


a 










ra 




•H 


rH 


O 








•H 








a 






U 




*J 


CD 


g 




W 






o 


o 


O 


C 


CD 




-H 


01 


H 




cn 


CD 




a) 


a> 


CD 




O 




JJ 


O 


>f 


CD 


10 


1 




t 


qu 




m 


>* 

<H 


ie 


H 

<tJ 




0* 

1 


-H 
U 


«U 

0 


on 






< 






U 


a 






OJ 






n 



'02$01jj258 (t)17Jil9# ^:L^NY JtKTOWA PATENT, ^ • R : 3 9 6 



P. 6 5/8 2 



IH 

m 
w 



C3 

ru 

5 3=5 

y i 



160 



pT-in-t ev^luat-ion test F 

The ink compositions and the reaction solutions 
prepared above were printed in combination as indicated 
in Table F4 below by the recording apparatus according 
( 5 to the present invention on a PET (polyethylene 
terephthalate) film, an aluminum plate, an iron plate, 
an SBR sheet, and a glass plate, followed by washing 
with water to prepare objects for the following 
evaluation. The results of the evaluation tests were as 
10 summarized in Table F5 below. 

Ruination it suitability for printing 
The recording apparatus according to the present 
l* invention was provided. Using the recording apparatus, 

Q the reaction solution of the present invention was first 

15 coated onto the recording media described above, and the 
ink according to the present invention was coated onto 
the portion, where the reaction solution had been coated, 
to form an image, followed by washing with water to 
provide a print. The printed portion on the recording 
20 media was visually inspected and was evaluated according 
to the following criteria (three grades). 

A 5 Ink was evenly coated , the image was clear , and 
the edge was sharp. 

B: Due to cissing of ink, the image lacked in 
25 clearness , and the edge was not sharp. 

C: Upon washing, ink was washed away, and, 
consequently, the image was unclear. 

F ^in a t:i Q n ?s Fixation (adhesion! 

The recording apparatus according to the present 
30 invention was provided. using the recording apparatus, 
the reaction solution of the present invention was first 
coated onto the recording media described above, and the 
ink of the present invention was coated onto the portion, 
where the reaction solution had been coated, to form a 
3 5 blotted image, followed by washing with water to provide 
a print. The print was allowed to stand in an atmosphere 
of temperature 25°C and humidity 40% for one hr and was 
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then tested for evaluation. 

The evaluation test was carried out as follows. 
The blotted image portion was cross cut at intervals of 
1 mm with a sharp-edged tool to form squares having a 
5 one side length of 1 cm. A Scotch clear tape (trade 
name; manufactured by 3M) was applied onto the cross-cut 
blotted image portion, and a load of 9.8 nW was 
applied to the tape. The tape was then peeled off from 
the print to determine the number of crosscuts (1 mm x 1 
10 mm) remained unpeeled from the recording medium. The 
results were evaluated according tb the following 
criteria. 

A: 95 or more crosscuts remained unpeeled. 
B: 90 or more crosscuts remained unpeeled. 
M 15 Cs go to less than 90 crosscuts remained unpeeled. 

|{ D; Less than 60 crosscuts remained unpeeled. 

fU revaluati on 1 z Col or bleeding 

2 The recording apparatus according to the present 

a invention was provided. using the recording apparatus, 

5 20 the reaction solution of the present invention was first 
5 coated onto the recording media described above, and the 

% ink according to the present invention was coated onto 

fU the portion, where the reaction solution had been coated, 

to form an image, followed by washing with water to 
25 provide a print. The print was visually inspected for 
uneven color mixing in boundaries of colors. The results 
were evaluated according to the following criteria. 

A: There was no color mixing, and the boundaries of 
colors were clear. 
30 B: There was slight color mixing. 

C: There was significant color mixing on such a 
level that rendered the boundaries of colors unclear. 

gpalnatinn It B iiHhi n^/scrratcrh resistance 

The recording apparatus according to the present 
35 invention was provided. Using the r cording apparatus, 
the reaction solution of the present invention was first 
coated onto the recording media described above, and the 
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ink of the present invention was coated onto the portion, 
wher the reaction solution had be n coated, to form an 
image, followed by washing with water to provide a print. 
The print was allowed to stand in an atmosphere of 
5 temperature 25°C and humidity 40% for one hr, and the 
printed portion was rubbed with a water-base yellow 
fluorescent marker pen (ZEBRA PEN 2 (tradename)^) 
manufactured by ZEBRA at a marking force of 9.8 N/mm 2 , 
and the image was then visually inspected. The results 
10 were evaluated according to the following criteria - 

A j The printed portion remained unchanged after 

rubbing . 

B: Upon rubbing, the printed portion was stained, 

s — 

Q and the image was unclear. 
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